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In birds, the scattering of broods from the nest site 
before the chicks are independent (i.e. brood dispersal) 
is usually thought to reduce losses due to nest pre- 
dation (Lack 1968, Ricklefs 1969). A variety of argu- 
ments have been presented to support this assump- 
tion. First, nest predation is usually identified as the 
major source of mortality in avian life histories (Lack 
1954). Thus, any trait that reduces the amount of time 
that chicks spend in the nest should increase survival. 
Second, in almost all bird species, offspring leave the 
nest before they are fully developed and thus require 
further parental care. Although in some species fur- 
ther development involves only learning by the 
young, in most species there is also a period of phys- 
ical growth after the young leave the nest (Martin 
1987 and references therein). Both the premature nest 
departure and the fact that chicks move well away 
from the nest site as soon as they are able indicate 
that the nest may be a relatively dangerous site. Third, 
in ground-nesting birds, which tend to suffer a higher 
risk of nest predation than either tree- or hole-nesters 
(Ricklefs 1969, Best and Stauffer 1980, Loiselle and 
Hoppes 1983, Wilcove 1985), chicks leave the nest 
sooner, everything else being equal. 

Although the logic of these arguments seems clear, 
few studies have presented sufficient data that would 
allow direct comparison of the survival of broods dur- 
ing the periods of parental care before and after nest 
departure (Nolan 1978, Dhondt 1979, Ebenmann and 
Karlsson 1984, Sullivan 1989). We examined the sur- 
vival rates of Lapland Longspur (Calcarius lapponicus) 
chicks both before and after nest departure to test the 
proposition that brood dispersal improves chick sur- 
vival. Maher (1964), in particular, argued that the 
relatively early nest departure in this species was a 
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consequence of predation pressure. Moreover, Wil- 
liamson and Emison (1971) felt that the most plausible 
explanation for a 2-3 day difference in nestling pe- 
riods in two longspur populations in Alaska was the 
difference in predation pressure. Also, chicks of the 
closely related Snow Bunting (Plectrophenax nivalis) 
remain in their nests about 4 days longer than long- 
spurs and are thought to suffer less nest predation 
because they nest in rock crevices whereas longspurs 
nest in exposed cups on the open tundra (Lyon and 
Montgomerie 1987). This interspecific difference in 
the timing of nest departure is independent of size 
and developmental rates (Maher 1964) and therefore 
seems explicable only as a behavioral response to the 
risk of predation. 

We collected data in June and July of 1981 and 1982 
at Sarcpa Lake, Melville Peninsula, Northwest Ter- 
ritories, Canada, as part of a study on the effects of 
brood dispersal on the foraging behavior of parents 
(McLaughlin and Montgomerie 1989). We observed 
7 broods (34 chicks) in 1981 and 10 broods (45 chicks) 
in 1982. Nests were checked at least once every other 
day during the 8-9 day nestling period. Nestlings 
were color-banded at age 6-8 days so that they could 
be individually identified. After nest departure, we 
searched for dispersed chicks, and we recorded the 
location and identity of each one encountered. Be- 
cause these birds were easy to observe on the open 
tundra, we were often able to follow parents on their 
foraging itineraries and locate all of the young that 
they fed. Soon after nest departure (8-9 days after 
hatching) parents divided their broods into two sep- 
arate units (each tended by a single parent) until in- 
dependence, ca. 23 days after hatching or 14-15 days 
after nest departure (McLaughlin and Montgomerie 
1985). By 18 days after hatching (9-10 days after nest 
departure), young longspurs began feeding them- 
selves and were more mobile. Because they were in- 
creasingly difficult to locate as they became more mo- 
bile, we restricted our analyses to chicks _<17 days 
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Fig. 1. Proportion of 79 Lapland Longspur chicks 

(from 17 broods) that survived to different ages dur- 
ing nestling (age 0-8 days) and brood dispersal (age 
8-17 days) periods. Slopes of the lines that join the 
first and last data points in each period give the av- 
erage daily mortality rate for that period as calculated 
from equation 3 in Ricklefs (1969). 

after hatching (see also McLaughlin and Montgom- 
erie 1989). 

Predation accounted for 100% of the chick mortality 
during the nestling period. We do not know the fate 
of any chicks that disappeared after nest departure, 
but we presume that most losses were again due to 
predation (we have recorded predation on dispersed 
longspur chicks in other years). A chick was assumed 
to have died one day after it was last observed alive. 
Our estimates of survival are conservative because 

chicks could possibly have survived longer without 
being seen, especially because inclement weather 
prevented us from studying each brood every day. 

Brood dispersal could have influenced chick sur- 
vival by increasing either the mean survival rate of 
chicks or the probability that at least one member of 
the brood would survive (see Tinbergen 1939, Ruben- 
stein 1982). To assess each of these probabilities, we 
performed two separate analyses of survival rates: one 
was on the survival rate of chicks and the other on 

the survival rate of broods. 

We used a life table estimation procedure 
(Kalbfleisch and Prentice 1980: 15) to calculate sur- 
vivorship curves (i.e. proportion of chicks surviving to 
different ages) for dependent chicks before and after 
nest departure. This method of analysis allowed us 
to include individuals that were removed from the 

sample partway through the study (i.e. right-censored). 
Data for chicks from 4 broods were right-cen- 
sored-3 broods (15 chicks) nesting near the edge of 
our study site moved out of the area shortly after nest 
departure, and one other chick was only 16 days old 
when our 1982 field season ended. Such right-cen- 
sored individuals should be included in survival rate 

estimates because chicks that live longer are more 
likely to be censored. Omitting them from the sample 
is equivalent to treating them as dead and this results 
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Proportion of 17 longspur broods with at 

least one chick alive at different ages after hatching. 

in underestimated survival rates. Although preferred, 
this type of analysis is rarely performed in studies of 
avian demography because we rarely know whether 
individuals that disappear from a sample are still alive 
at that time. 

We found that the proportion of chicks alive (log- 
transformed) declined linearly with age both before 
and after nest departure (Fig. 1). The average daily 
mortality rate from hatching to age 17 days was 0.054 
(SE = 0.013, n = 18) and was independent of age over 
the entire period (r, = 0.27, P > 0.28, n = 18). These 
results are consistent with an exponential model of 
chick survival, or constant daily mortality rate, through 
this period (see Ricklefs 1969). Also, the highest daily 
mortality rate occurred at ages 8 and 9 days when 8 
chicks from 6 broods were lost within 24 h of nest 

departure. This suggests that the immediate conse- 
quence of nest departure was increased mortality rates, 
contrary to our expectation. 

To assess the survival rate of broods, we calculated 

survivorship curves from the proportion of broods 
with at least one chick alive (log-transformed) at dif- 
ferent chick ages. These data were also right-censored 
when 4 broods were removed from the analysis as 
described above. During the nestling phase, brood 
survival (like chick survival) was consistent with an 
exponential model in that the porportion of whole 
broods surviving (log-transformed) declined more- 
or-less linearly with brood age (Fig. 2). After nest 
departure, however, all broods had at least one chick 
alive from age 8 to 16 days and brood survival no 
longer declined exponentially. 

To examine whether survival rates changed after 
nest departure, we compared the survival of chicks 
in the nestling period with chick survival in the post- 
nestling period, using a nonparametric Wilcoxon test 
(Kalbfleisch and Prentice 1980: 146). This method of 
analysis is distribution-free, compensates for the fact 
that sample sizes decrease with age (gradually re- 
ducing the accuracy of survival rate estimates), and 
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allows for the analysis of right-censored data. Prob- 
abilities for these tests are approximations based on 
asymptotic distributions, but they can be close to exact 
probabilities even for sample sizes as small as ours 
(Kalbfleisch and Prentice 1980). 

Differences among broods accounted for 87% of the 
total variation in chick survival times (days after 
hatching), differences among chicks from the same 
brood accounted for only 13% of this variation (one- 
way ANOVA). (Survival times [in days] were log- 
transformed to equalize variances across broods.) This 
difference in the proportion of variance explained 
was due to the fact that losses during the nestling 
period involved entire broods at a time, whereas par- 
tial brood losses occurred after nest departure. The 
results of the ANOVA also indicate that the survival 

of an individual chick is related to the survival of its 

brood members, hence the survival of chicks within 

broods cannot be considered independent. To com- 
pare chick survival rates, we used mean chick survival 
for each brood. To compare brood survival rates, we 
used only the maximum chick survival for each brood 
to avoid problems with the individual samples from 
each brood not being independent. 

Contrary to expectation, mean chick survival did 
not increase after nest departure (z = -0.70, P > 0.70; 
one-tailed Wilcoxon test). On the other hand, the 
probability of at least one brood member surviving 
was significantly higher after nest departure (z = 1.74, 
P = 0.04; one-tailed Wilcoxon test). Thus, although 
the overall rate of chick loss from the population 
changed little after nest departure (Fig. 1), chick mor- 
talities were distributed more evenly among the re- 
maining broods after chicks became spatially sepa- 
rated (Fig. 2). This occurred because losses during the 
nestling period involved entire broods at a time, 
whereas losses after nest departure involved only in- 
dividual chicks largely independent of other brood 
members. 

Because nest departure does not appear to improve 
chick survival, we question Williamson and Emison's 
(1971) assertion that nest predation was most likely 
responsible for the observed difference in nestling 
period between two arctic populations of this species. 
Although they presented limited data, it seems to us 
that the difference in daylength or food availability 
between these two sites could have influenced chick 

growth rate, which alone could have determined the 
timing of nest departure. We suggest that nest pre- 
dation should no longer be invoked to explain dif- 
ferences between species or populations without test- 
ing reasonable alternatives (see McLaughlin and 
Montgomerie 1989). 

Our analyses also provide the first empirical evi- 
dence that brood dispersal can reduce the variance in 
parental reproductive success, measured here as the 
number of offspring that reach independence. As some 
workers have suggested (Tinbergen 1939, Rubenstein 
1982), brood dispersal may be advantageous because 

it maximizes the probability that at least one offspring 
from a brood survives, even if mean offspring survival 
rate is not affected. Bulmer (1984) questioned the logic 
of these "bet-hedging" arguments and showed that 
the apparent reduction in the variance of offspring 
survival is due to selection on mean fitness in pop- 
ulations where survival is density-dependent. From 
our data and Bulmer's (1984) equation 7, we estimate 
that the selective advantage (Bulmer's s) of having 
chicks dispersed rather than clumped during the pe- 
riod from nest departure to age 17 days is less than 
0.03. Values of this magnitude are thought to be of 
little evolutionary importance (Bulmer 1984) but "bet- 
hedging" appears to be adaptive in a variety of con- 
texts (Seger and Brockman 1987) and should probably 
not be ruled out as a potential advantage for brood 
dispersal. 

Although unexpected, our study was consistent with 
the limited data available on fledgling survival in 
other species. In Great Tits (Parus major; Dhondt 1979) 
and Yellow-eyed Juncos (Junco phaenotus; Sullivan 
1989), chick survival rates were not significantly dif- 
ferent after they left the nest, though the survival of 
Yellow-eyed Juncos did improve once they could fly 
proficiently and thereby avoid most predators. In Dark- 
eyed Juncos (Junco hyemaIis; Wolf et al. 1988) and Prai- 
rie Warblers (Dendroica discolor; Nolan 1978), the sur- 
vival rates of chicks before and after nest departure 
were similar but were not compared statistically. 
Moreover, Ebenmann and Karlsson (1984) found that 
daily mortality rates of Eurasian Blackbird (Turdus 
meruIa) offspring were actually about 70% higher dur- 
ing the first 5 days after nest departure than they 
were during the nestling period. 

In longspurs, a variety of factors may account for 
the fact that chick mortality rate does not decline after 
nest departure. First, chicks begin to call after brood 
dispersal to indicate their location to parents. Their 
calling and greater mobility may make chicks more 
conspicuous to predators when they cannot fly well 
enough to escape easily. Second, because they become 
widely dispersed and are tended by only a single 
parent (McLaughlin and Montgomerie 1985), the 
chances of a chick being lost or abandoned are prob- 
ably increased. Third, it is not possible for a parent 
to protect all of the members of its dispersed brood 
from the rigors of arctic weather and they may be too 
widely dispersed to bring together quickly. While 
chicks are considered endothermic by age 7 days 
(Maher 1964), it is not clear that they can tolerate 
prolonged cold weather as well as adults. These fac- 
tors may also account for the high mortality observed 
immediately following nest departure (Fig. 1; see also 
Ebenmann and Karlsson 1984). 

Our data and analysis are suggestive but do not 
demonstrate unequivocally that mortality rates do not 
decline after nest departure. A completely convincing 
demonstration would require that nestlings be ex- 
perimentally confined to a nest for a few days after 
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their usual departure. It is possible, for example, that 
chicks become increasingly conspicuous as they age 
and that predation rates on chicks >8 days old would 
have been much higher than observed if those chicks 
had not left the nest and dispersed. The fact that 
mortality rates do not increase systematically during 
the nestling phase (Fig. 1) makes this unlikely but 
our sample size may have been too small to detect a 
slight increase. It is clear, however, that the long-held 
notion that brood dispersal decreases predation risk 
must be reexamined. 
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