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Abstract Reviews of hatching asynchrony in birds rec-
ommended more studies on intraspecific variation in the
extent of hatching asynchrony. We examined intraspecific
variation in clutch size, laying chronology, onset of incu-
bation, incubation period, and hatching asynchrony in
burrowing owls (Athene cunicularia) in the Imperial Val-
ley of California. Mean clutch size was 7.4 eggs and owls
averaged 0.5 eggs laid per day. Females varied consider-
ably in laying interval and onset of incubation (range = 1st
to 9th egg in the clutch). The mean incubation period was
21.9 days. Hatching interval also varied greatly among
females (x = 0.8, range 0.1-2.0 days between successively
hatched eggs). Past burrowing owl studies have largely
overlooked the substantial intraspecific variation in these
traits or have reported estimates that differ from ours.
Future studies designed to identify the environmental fac-
tors that explain the large intraspecific variation in these
traits will likely provide insights into the constraints on
local abundance.
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Introduction

Many species of birds hatch their young asynchronously,
often over a period of several days or weeks (Stoleson and
Beissinger 1995). The time span between the first and last
hatched eggs in a bird’s clutch (i.e., the degree of hatching
asynchrony) can be large enough to cause size discrepan-
cies among offspring within a brood that are often detri-
mental to the youngest brood members (Beissinger and
Waltman 1991; Kim et al. 2010). This hatching pattern
seems maladaptive, yet many species of birds exhibit a
high degree of hatching asynchrony. For this reason,
hatching asynchrony in birds has been the subject of much
research. Twenty alternative hypotheses have been pro-
posed to explain the adaptive function of hatching asyn-
chrony and hundreds of studies have tested one or more of
these 20 hypotheses (Clark and Wilson 1981; Magrath
1990; Stoleson and Beissinger 1995; Stenning 1996;
Ricklefs 1997).

The majority of studies that have examined hatching
asynchrony in birds have experimentally manipulated
hatching span to measure its effects on fledging success or
body mass (Slagsvold et al. 1992; Nilsson 1995; Stenning
1996; Szollosi et al. 2007), focusing on the brood rearing
stage while ignoring constraints acting during laying and
incubation. In contrast, only a few studies have measured
intraspecific variation in the extent of hatching asynchrony
(Slagsvold and Lifjeld 1989; Wellicome 2005; Wang and
Beissinger 2009; Kim et al. 2010; Kontiainen et al. 2010)
or examined the factors that influence that variation
(Stenning 1996). In fact, many studies have classified
species as either synchronous or asynchronous (Clark and
Wilson 1981; Ricklefs 1993), ignoring intraspecific varia-
tion in hatching asynchrony (Stoleson and Beissinger
1995). Indeed, most hypotheses proposed to explain
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hatching asynchrony in birds do not adequately explain
intraspecific variation (Wiebe 1995). For these reasons, two
major reviews of hatching asynchrony have urged that
more studies focus on intraspecific variation (Stoleson and
Beissinger 1995; Stenning 1996).

Although onset of incubation is often assumed to be the
proximate mechanism that affects variation in hatching
asynchrony, variation in clutch size (Wellicome 2005;
Kontiainen et al. 2010), incubation length, development
times of eggs, and laying pattern may also cause variation
in hatching asynchrony (Astheimer 1985; Vifiuela 1997;
Wang and Beissinger 2009; Kontiainen et al. 2010). Spe-
cies that lay large clutches and have large intraspecific
variation in all of these reproductive traits could be useful
study species to better elucidate the proximate factors that
cause variation in hatching asynchrony.

Burrowing owls are ideal for examining intraspecific
variation in hatching asynchrony because they lay large
clutches (x = 6.5 eggs; Haug et al. 1993) and the following
traits all appear to have large intraspecific variation: clutch
size (3—12 eggs), length of the laying period (8-17 days),
and the extent of hatching asynchrony (1-7 day hatching
span; Haug et al. 1993; Rosenberg and Haley 2004;
Wellicome 2005). However, previous studies have not
reported the extent of intraspecific variation in laying
interval or the onset of incubation in burrowing owls, few
have reported information on the extent of intraspecific
variation in hatching span (Rosenberg and Haley 2004;
Wellicome 2005), and only Wellicome (2005) has docu-
mented the length of the laying period (and only for a
population at the northern edge of the species’ breeding
range). Here, we describe intraspecific variation in clutch
size, laying interval, incubation period, onset of incubation,
and hatching asynchrony in burrowing owls at a site in the
southern portion of their breeding range in the United
States. We use this information to suggest how each trait
may influence intraspecific variation in hatching asyn-
chrony. This work provides insight into potential proximate
causes of intraspecific variation in hatching asynchrony
other than the onset of incubation.

Quantifying the extent of intraspecific variation in clutch
size, laying interval, incubation period, onset of incubation,
and hatching asynchrony in burrowing owls is also useful
for more practical reasons. Reliable estimates of these traits
are important for determining the most vulnerable
stage(s) during the nesting cycle and to evaluate the factors
that contribute to nest failure. Furthermore, knowledge of
laying dates and the length of nesting stages are essential
components of modern analytical methods for estimating
nest survival (Mayfield 1961; Dinsmore et al. 2002).
Investigators who wish to model nest survival in burrowing
owls are often forced to make assumptions about these
traits based on previous studies (Garcia and Conway 2009;
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Lantz and Conway 2009). Hence, our ability to more
accurately estimate nesting success (and to use modern nest
survival models) in burrowing owls is hindered because we
do not have good estimates of most reproductive traits.
Estimates of nest survival are important because burrowing
owls are thought to be declining in many portions of their
range, and consequently, the species is currently listed as
endangered in Canada, a species of national conservation
concern in the United States, and is declining or a species
of concern in many US states (Haug et al. 1993; James and
Espie 1997; Holroyd et al. 2001; Wellicome and Holroyd
2001; Klute et al. 2003; Conway and Pardieck 2006).

Methods
Study area

We monitored burrowing owls nesting in artificial nest
boxes on the southern portion of the Sonny Bono Salton
Sea National Wildlife Refuge and adjacent lands in
Imperial County, California between 2005 and 2007. Cal-
ifornia has one of the largest populations of resident
and migratory burrowing owls, with the Imperial Valley
supporting a particularly high density of nesting owls
(Coulombe 1971; Sheffield 1997; DeSante et al. 2004;
Rosenberg and Haley 2004). The area has little native
vegetation and is dominated by year-round agricultural
production with cultivated fields bordered by irrigation
structures. Artificial nest boxes were buried approximately
30-90 cm below the ground and had a removable lid which
allowed us to view the nest contents. Nest boxes were
located adjacent to dirt roads, usually situated between a
road and a water delivery canal.

Nest monitoring

We monitored 123 clutches at 53 artificial nest boxes from
March to July of 2005 through 2007. The date of our initial
visit to the nest boxes differed slightly among the 3 years:
24 March-20 April in 2005, 13-30 March in 2006, and
4-20 March in 2007. We visited all occupied nest boxes
every 1-14 days prior to finding eggs in the nest. We
considered a nest box occupied by owls if we saw either an
owl or sign of an owl (e.g., whitewash, pellets, manure, or
other lining materials) at the nest burrow entrance. We
opened each nest box after observing owls or sign of owls
at the entrance for two consecutive visits. If we did not find
eggs, we continued to monitor the nest until we found eggs.
Once we found eggs in a nest box for the first time, we used
an assumed laying pattern of 110110 (where a 1 represents
a day in the laying pattern on which an egg was laid, and 0
represents a day on which no eggs were laid; Olenick 1990)
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to estimate the lay date of the 8th egg. We did not open the
nest box again until the estimated lay date of the 8th egg to
minimize disturbance to the laying female. Our experience
suggested that opening the nest box prior to this time could
cause nest abandonment. After the estimated lay date of the
8th egg, we continued to open the nest box every other day
(every 2—4 days in 2007) until all juveniles left the burrow
or until the nest failed. We opened a subset of nest boxes
less frequently (every 2-19 days, X = every 35 days,
n = 53 clutches) after finding eggs, due to logistical con-
straints early in the season (March and April of all 3 years).
In 2006, we opened a subset of six nest boxes every
2-3 days after the first visit that we observed eggs (i.e., we
did not wait until the estimated lay date of the 8th egg) to
gain more observations during the laying stage, which
allowed us to calculate more precise estimates of the laying
pattern.

We recorded the number of eggs and juveniles present in
the nest chamber and touched the eggs to determine if they
were warm (i.e., if incubation had begun) each time we
opened a nest box. We identified individual nestlings by
marking unique combinations of toes with indelible ink.
We reapplied markings each time we opened a nest box so
that individuals could be reliably identified until they could
be fitted with a US Geological Survey leg band. We
assumed that new nestlings with wet or damp down
feathers had hatched earlier that day and that new nestlings
with dry down feathers had hatched the day prior (Welli-
come 2005).

Clutch size

We defined clutch size as the maximum number of eggs
observed during any one visit to a nest. We did not include
nests that were depredated or abandoned prior to clutch
completion (n = 30 clutches) in our summary of intra-
specific variation in clutch size. We assumed that the
female had completed a clutch when the egg count
remained constant for at least 6 days. We considered a nest
to be abandoned if we consistently found cold, buried, or
scattered eggs, or if owls and other signs of nest box
occupancy disappeared.

Laying pattern

We created a timeline of egg lay dates based on the
number of eggs observed on each nest visit and compared
these to eight a priori laying patterns (Table 1) to deter-
mine which pattern(s) most closely matched our obser-
vations for each nest. We only used nests where we
recorded the number of eggs present at least twice during
the laying period. We also only used nests with a final
clutch size of >3 eggs, because laying patterns are

Table 1 Comparison of observed information on laying patterns at
45 burrowing owl nests to eight laying patterns based on data from
periodic nest visits

Pattern Laying Number of days to  Percent of nests that fit

pattern lay eight eggs pattern (n = 45)

1 110110110 11 31
2 101010101 15 73
3 111111111 8 13
4 101101011 13 42
5 110101101 12 47
6 100100100 22 27
7 110011001 14 49
8 100010001 29 9

9 Other 1321 x = 17) 13

We only included nests at which we had opened nest boxes and
counted eggs on >2 dates during the laying period. Data from most
nests fit >1 possible laying pattern. Hence, the percentages of nests
that fit each laying pattern do not sum to 100 %. We present the
number of days required to lay eight eggs (median clutch size of
burrowing owls in our population) to aid comparisons among the
laying patterns and highlight the resultant variation in the length of
the laying period

difficult to estimate for clutches of <3 eggs. We selected
the eight laying patterns that were most similar to the
laying interval of 1.5 days reported in the literature
(typically laid in a pattern of 110110110, where females
lay 1 egg on each of 2 consecutive days, followed by a
day on which no eggs are laid; Olenick 1990; Wellicome
2005). We chose eight patterns because we thought they
would be sufficient to capture the amount of intraspecific
variation. We compared our observations of egg-laying
behavior to these eight combinations of 1 and 0 (where 1
represents a day on which a female laid 1 egg, and O
represents a day on which no eggs were laid) in order to
document possible variation in laying behavior among
females. We identified the laying pattern(s) that best
matched the observations at each nest to estimate the day
that the female laid the first and last egg. Most nests
matched >1 possible laying pattern because most of our
eight a priori laying patterns only differed slightly from
one or more of the other patterns and we did not open
nest boxes daily. Hence, we used the midpoint of the
earliest and latest possible lay dates for the first and last
egg in the clutch to calculate the mean laying interval
(i.e., the average number of days between two consecu-
tive eggs in the laying pattern) across all clutches.

Onset of incubation and incubation period

We recorded the egg number in the clutch on which the
female initiated full incubation by taking the midpoint
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between the number of eggs on the last nest visit when the
eggs felt cold (or there were no eggs) and the number of
eggs on the first nest visit when the eggs felt warm. We
included nests where no more than four eggs were laid
between the nest visit with no or cold eggs and the nest
visit with warm eggs (i.e., we did not include nests that
were visited infrequently during the laying period). This
restriction allowed us to calculate the egg on which
incubation began to within £1 egg for 52 % of nests, and
a maximum of 2 eggs for all nests included in this
analysis (n = 33). Although many birds often initiate
partial incubation before the clutch is complete, our
approach still provides the best available insight into the
extent of intraspecific variation in the onset of incubation
for a bird that lays its eggs in narrow burrows deep
underground.

We used two approaches to calculate the length of the
incubation period: (1) the interval between the onset of
incubation and the day the first egg hatched, and (2) the
interval between the day the last egg was laid and the day
the last egg hatched. We used the laying pattern(s) that best
matched the observations at each nest to estimate the day
that the female laid the last egg, and the egg on which
incubation began. We used the midpoint of the earliest and
latest possible lay dates of each egg at nests that fit >1
laying pattern. We visited all nests used in this analysis
frequently enough to ensure that the interval between the
earliest and latest estimated dates the female laid the last
egg was <7 days.

Hatching asynchrony

We estimated the hatching span (i.e., the number of days
between the first and last hatched eggs) for each nest based
on the estimated hatch dates for each nestling. We then
calculated the hatching interval (average number of days
between sequentially hatched eggs in a clutch) as a metric
of hatching asynchrony. Hatching interval allowed us to
quantify intraspecific variation in hatching asynchrony
after controlling for variation in clutch size. Previous
authors have used hatching span as their metric of the
extent of hatching asynchrony, but this metric is prob-
lematic for species that have intraspecific variation in
clutch size or those that commonly have infertile eggs due
to the strong correlation between hatching span and brood
size at hatch (Kontiainen et al. 2010). Hatching interval is
an alternative metric that is less affected by variation in
clutch size or infertility of eggs. We included only those
nests where >2 eggs hatched (because we could not
quantify the extent of asynchrony in a nest with only one
hatchling; Kontiainen et al. 2010) and those nests that we
visited within 1 day of hatching.
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Results

Mean clutch size was 7.4 eggs (SD = 1.9 eggs), with a
range of 2-12 eggs (n = 92). The mean clutch size was 8.1
in 2005 (SD = 1.6, range 5-11, n = 27), 7.1 in 2006
(SD = 2.0, range = 3-12, n =40), and 7.1 in 2007
(SD = 1.8, range = 2-10, n = 25). The mean laying
interval between consecutively laid eggs was 2.0 days
(SD = 0.4, range 1.5-3.6 days, n = 45). We found sub-
stantial variation in egg-laying behavior and the most
common laying pattern differed from that reported in the
literature. Seventy-three percent (33 of 45) of clutches
matched a laying pattern of 101010101, which equates to a
laying span of 15 days to lay an 8-egg clutch (Table 1).
Among the 12 clutches that did not match the 101010101
laying pattern, six did not match any of the eight a priori
patterns we examined and had laying spans that equated to
13-21 days (x = 17 days) to lay an 8-egg clutch. Four of
the 12 aberrant laying patterns followed patterns with
longer laying intervals; three of which laid in a pattern that
most closely resembled 100100100, and one which
resembled 100010001. The remaining two resembled
slightly shorter laying patterns of 110110110, 101101011,
or 110101101 (laying spans that require 12—14 days to lay
an 8-egg clutch).

Burrowing owls in our study area varied considerably in
the relative time within the laying period when they started
incubating. The egg on which incubation began ranged
from the 1st to 9th egg (¥ = 5th egg in the clutch,
SD = 2.5, n = 33). The mean egg on which females ini-
tiated incubation was 5.0 in 2005 (SD = 0.7, n = 4), 5.2
in 2006 (SD = 2.4, n = 20), and 2.8 in 2007 (SD = 2.5,
n =9). Females initiated incubation when 69.8 %
(SD = 20.2 %), 737 % (SD =227 %), and 39.4 %
(SD = 23.6 %) of the clutch had been laid in 2005, 2006,
and 2007, respectively. Although clutch sizes were similar
between 2006 and 2007, females incubated earlier relative
to clutch completion in 2007 suggesting that annual dif-
ferences in clutch size were not entirely responsible for the
observed annual differences in onset of incubation.

The interval between the date the female laid the last
egg and the date the last egg hatched ranged from 19 to
26 days (x = 21.9 days, SD = 1.8, n = 39). Our estimate
for length of the incubation period was 1 day longer when
we only included nests where all the eggs hatched
(x =23.1, SD = 1.4, n = 11). The interval between the
onset of incubation and the date the first egg hatched ran-
ged from 16 to 38 days (x =23.0 days, SD = 4.9,
n = 21).

Hatching span varied greatly among clutches, from 1 to
8 days (x = 4.5 days, SD = 1.6, n = 58). One nest hat-
ched all nine eggs on the same day, and three nests (where
0 of 3 eggs, 1 of 3 eggs, and 2 of 5 eggs failed to hatch)
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hatched only one egg per day. The hatching interval varied
from 0.1 to 2 days between successively hatched eggs
(x = 0.8 days, SD = 0.34, n = 58). The maximum num-
ber of eggs that hatched on any one day occurred on the
first hatch day at 59 % of nests, on the 2nd hatch day at
24 % of nests, on the 3rd hatch day at 12 % of nests, and
on the 4th or 5th hatch day at 5 % of nests.

Discussion

We observed substantial intraspecific variation in all of the
reproductive traits measured within this population of
burrowing owls. Moreover, our results differed from those
reported in several past studies that reported estimates of
burrowing owl reproductive traits. For example, clutch size
was slightly higher and had higher intraspecific variation
compared to other estimates of burrowing owl clutch size
in California (x = 7.0, range 1-11 eggs, Landry 1979;
X = 6.7, range 4-8 eggs, Rosenberg and Haley 2004).
Earlier lay dates in some years could explain why our mean
clutch size was higher than estimates reported by Rosen-
berg and Haley (2004); seasonal declines in clutch size
have been well documented in birds (Newton 1976;
Newton and Marquiss 1984; Pietiainen 1989; Wellicome
2000; Decker et al. 2012). Numerous hypotheses have been
proposed to explain variation in avian clutch size and many
of these hypotheses rely on seasonal changes in food
availability (Newton 1976; Drent and Daan 1980; Newton
and Marquiss 1984; Decker et al. 2012). Furthermore, age
and individual quality are correlated with both nest initia-
tion date and clutch (or brood) size in many birds (Hussell
1972; Newton et al. 1983; Newton and Marquiss 1984;
Pietiainen 1989; Wellicome 2000; Boal 2001), which could
further explain variation in clutch size. Burrowing owls
may reduce their clutch size when re-nesting after a dep-
redation event (Catlin and Rosenberg 2008). Hence, vari-
ation in predation rates could provide another possible
explanation for annual variation (and the large intraspecific
variation) in clutch size.

Most burrowing owls in our study exhibited a long laying
period and laid approximately one egg every other day (i.e.,
laying interval of 2.0 days); however, the laying interval
varied greatly among individuals. In contrast, burrowing
owls reportedly laid eggs at intervals of 1.5 days in Idaho
and Saskatchewan (Olenick 1990; Wellicome 2005). For
birds that lay large and variable clutches, an additional half
day laying interval could increase the laying period by
several days. It is possible that this difference may reflect
some latitudinal variation, but few studies have reported
laying intervals for burrowing owls across their geographic
range. Intraspecific brood parasitism has not been docu-
mented in burrowing owls. However, this could possibly

explain some of the unexpected laying patterns we observed.
One study documented a case of brood usurpation in Lanyu
scops owls (Otus elegans botelensis), a small cavity-nesting
owl (Hsu et al. 2006). We suggest that future studies
examine whether intraspecific brood parasitism occurs in
burrowing owls. We also observed intraspecific variation in
the onset of incubation, and our estimates of this trait also
differed from past indirect accounts. This is an important
result of our study because past studies have assumed no
intraspecific variation in this trait when estimating nesting
success or estimating the extent of hatching asynchrony. Our
estimates are not without error because females initiate
partial incubation before the clutch is complete in many
species of birds (Wang and Beissinger 2009). However, our
two estimates of length of incubation (one that relied on our
estimate of onset of incubation and one that did not) were
similar, suggesting that our approach for estimating onset of
incubation was accurate. Moreover, our study is the first to
estimate the onset of incubation in wild burrowing owls
directly, rather than indirectly based on the extent of
hatching asynchrony or the resulting size disparity in nes-
tlings. One past study suggested that incubation began with
the first-laid egg based on behavioral patterns of incubating
females and apparent size differences among brood mem-
bers (Thomsen 1971), but clutches of cold (presumably
unincubated) eggs have been reported by others (Henny and
Blus 1981; Haug 1985). Two previous authors suggested
that burrowing owls typically start incubating on the 5th egg
(Olenick 1990) or midway through the laying pattern
(Wellicome 2005) based on the extent of hatching asyn-
chrony observed in nest boxes. The few studies that have
examined intraspecific variation in the onset of incubation in
other species of birds have reported substantial intraspecific
variation (Wang and Beissinger 2009). Future studies that
report estimates of the onset of incubation should measure it
directly (rather than inferring onset based on hatching
asynchrony or nestling size disparities). Direct observations
of the onset of incubation will help elucidate factors acting
as constraints during laying and incubation and provide a
better understanding of the relationship between the onset of
incubation and hatching patterns.

Our estimate of the duration of the incubation period is
shorter than other reported estimates for burrowing owls:
28-30 days (Thomsen 1971; Zarn 1974; Henny and Blus
1981; Haug et al. 1993). Early studies relied on behavioral
observations of females to determine when incubation
began (Thomsen 1971), but time spent in the nest cavity is
not always indicative of incubation (Porter and Wiemeyer
1972; Bortolotti and Wiebe 1993; Kontiainen et al. 2010).
Other studies did not include an explanation of the methods
used to calculate the length of the incubation period.
Estimates of the length of the incubation period in birds
with asynchronous hatching can vary substantially
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depending on how incubation period is calculated. For
example, estimates of the length of the incubation period in
burrowing owls ranged from 17 to 32 days in Idaho
depending on assumptions of when incubation began based
on synchronous or asynchronous hatching patterns (Ole-
nick 1990). Calculating the length of the incubation period
as the interval between the onset of incubation and the date
the first egg hatches relies on correctly estimating the onset
of incubation. Alternatively, calculating the length of the
incubation period as the interval between the last-laid to
the last-hatched egg may underestimate the incubation
period because the last-laid eggs in a clutch sometimes fail
to hatch. Hence, some of the differences between our
estimates of the length of the incubation period and those
of past studies may be due to differences among studies in
how the incubation period was defined. Both of our esti-
mates of the length of the incubation period were very
similar, which lends confidence to the accuracy of our
estimates. Indeed, our estimates are very similar to the
incubation period of 22-24 days reported for burrowing
owl eggs under artificial conditions (Haug 1985) and
23.9 days for wild burrowing owls in Idaho (which was
based on the time between the onset of incubation and the
first egg hatched; Olenick 1990).

We also observed a substantially greater degree of
intraspecific variation in the extent of hatching asynchrony
within this population of burrowing owls than found in past
studies. Our estimate of hatching span (x = 4.5 days,
SD = 1.6, range 1-8 days) was slightly higher and had
higher intraspecific variation compared to other estimates for
burrowing owls in California (x = 3.3, SD = 1.1, range
1-6 days in 1999, x = 4.3, SD = 0.6, range 3-7 days in
2000; Rosenberg and Haley 2004) and Saskatchewan
(x = 3.8, range 1-7 days; Wellicome 2005).

Most studies of hatching asynchrony have assumed that
onset of incubation is the sole proximate cause of variation
in hatching asynchrony; however, various other factors are
thought to influence hatching asynchrony (Stoleson and
Beissinger 1995). Although the onset of incubation may be
one of the primary factors influencing hatching asyn-
chrony, the large variation in other traits should not be
ignored. For example, some owls may adjust the onset of
incubation differentially according to clutch size (Welli-
come 2005, Kontiainen et al. 2010). However, larger
clutches may be difficult for small-bodied females to
incubate effectively, resulting in unexpected hatching pat-
terns (Bortolotti and Wiebe 1993). In addition, both
weather conditions and clutch size can affect incubation
patterns (Wang and Beissinger 2009). Moreover, increases
in temperature can shorten incubation periods, reduce
hatching success, and increase hatching asynchrony in
birds (Veiga and Vifiuela 1993; Stoleson and Beissinger
1999; Ardia et al. 2006). Variation in laying interval and
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variation in development times of individual eggs within a
clutch may also serve as mechanisms to adjust the degree
of hatching asynchrony (Astheimer 1985; Vifuela 1997;
Wang and Beissinger 2009). These studies suggest that
multiple factors may influence the degree of hatching
asynchrony within a clutch. We demonstrated substantial
intraspecific variation in many reproductive traits within a
population of burrowing owls: laying interval, onset of
incubation, incubation period, and hatching asynchrony.
Additional studies focusing on species such as burrowing
owls that lay large clutches and have substantial intraspe-
cific variation in the reproductive traits that affect hatching
interval may provide further insights into the proximate
and ultimate causes of hatching asynchrony and elucidate
the relative importance of different selective constraints.

Estimates of reproductive traits of burrowing owls are
also important for applied reasons. Since nest survival
estimates are based on probability of survival over a
specified period of time, the amount of error can vary
according to the number of days the nest was not under
observation (Mayfield 1975). Therefore, assumptions
regarding the timing of nesting events due to the unique
limitations associated with monitoring subterranean nests
can introduce bias. The large individual variation docu-
mented in this study further complicates our ability to
compare demographic traits across studies because the
amount of individual variation in these traits could differ
by geographic region. Future demographic studies in bur-
rowing owls should seek to accurately estimate laying
interval, onset of incubation, and hatching asynchrony to
help improve our ability to understand behavioral choices
that confront breeding birds.
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