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ABSTRACT. Facultative male incubation and allofeeding are thought to be behavioral adaptations by which
male songbirds maximize their fitness by reducing the energetic stress of their mates. However, few data are available
for most species that exhibit these behaviors so the extent to which they might enhance male fitness remains unclear.
Among North American sparrows, male incubation is known in four species, but the relative contributions of each
sex have been estimated for only one species. We quantified biparental incubation and allofeeding in Sagebrush
Brewer’s Sparrows (Spizella breweri breweri) with 24-h video surveillance of nests (N = 24) at two locations in
northern Nevada. We detected biparental incubation at both sites (17 of 24 nests, 71%), and found that mean
constancy (i.e., proportion of 24-h period eggs were covered) was significantly higher at biparental nests than at
uniparental nests, and mean recess duration (i.e., when eggs were uncovered) was significantly shorter. Incubation
constancy at biparental nests in our study was the highest yet reported in the genus Spizella (range = 0.87–0.96),
and constancy at uniparental nests (mean = 0.76, range = 0.71–0.81) was greater than that of congeners where
female-only incubation is thought to be the norm. Biparental incubation was more likely on colder days, but a
comparison of models where incubation strategy and its interaction with ambient temperature were included as
independent variables revealed that temperature was not the best predictor of constancy. Allofeeding occurred at very
low frequency and only at biparental nests (11 of 20, 55%). Biparental nests with allofeeding had more incubation
sessions per hour than biparental nests without allofeeding. The recipient usually left the nest immediately after
being fed, and the feeding individual assumed the role of incubator. Our results suggest that some factor other than
low ambient temperatures favors biparental incubation by Sagebrush Brewer’s Sparrows. One possibility is that male
incubation and the resulting increase in incubation constancy may better conceal nests and reduce the likelihood
of nest predation. The low frequency of allofeeding at nests with biparental incubation in our study suggests that
it serves some function other than improving female nutritional status or reducing activity levels at nests. Rather,
allofeeding may serve as an intraspecific signal important for maintaining the social bond between mates.

RESUMEN. Incubación biparental y alo-alimentación en nidos de Spizella breweri
Se cree que la incubación facultativa y la alo-alimentación son adaptaciones del comportamiento mediante las

cuales los machos de las aves maximizan su aptitud mediante la reducción de estrés energético de sus parejas. Sin
embargo, existen pocos datos disponibles para la mayoŕıa de las especies que exhiben estos comportamientos, por
lo que la magnitud a la cual pueden incrementar la aptitud del macho es aún desconocida. Entre los gorriones de
Norte América, la incubación por parte del macho es conocida en cuatro especies, pero la contribución relativa
de cada uno de los sexos ha sido estimada para solo una especie. Cuantificamos la incubación biparental y alo-
alimentación en Spizella breweri con videos de 24 horas en los nidos (N = 24) en dos localidades del norte de
Nevada. Detectamos incubación biparental en las dos localidades (17 de los 24 nidos, 71%) y encontramos que
la constancia promedio (i.e., proporción e tiempo los huevos estaban cubiertos durante un total de 24 horas) fue
significativamente mas alto en nidos biparentales que en nidos uniparentales, y la duración promedio de receso (i.e.,
cuando los huevos estaban descubiertos) fue significativamente mas corto. La constancia de incubación en nidos
biparentales en nuestro estudio fue la mas alta reportada hasta el momento en el genero Spizella (rango = 0.87
– 0.96), y la constancia en nidos uniparentales (promedio = 0.76, rango = 0.71 – 0.81) fue mayor que en la de
congéneres donde se cree que la incubación por la hembra únicamente es la norma. La incubación biparental fue
mas probable en dı́as fŕıos, pero una comparación de modelos donde la estrategia de incubación y su interacción con
la temperatura ambiental fueron incluidos como variables independientes reveló que la temperatura no es el mejor
predictor de constancia. Alo-alimentación ocurrió en una frecuencia muy baja y solamente en nidos biparentales (11
de 20, 55%). Nidos biparentales con alo-alimentación tuvieron un mayor numero de sesiones de incubación por
hora que nidos biparentales sin alo-alimentación. Alo-alimentación ocurrió durante el 67% de las transiciones y el
individuo que alimento usualmente asumı́a el rol de incubar inmediatamente después. Nuestros resultados sugieren
que algunos factores diferentes a las bajas temperaturas ambientales favorecen la incubación biparental en Spizella
breweri. La baja frecuencia de alo-alimentación en nidos con incubación biparental en nuestro estudio sugiere que
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sirve como alguna función diferente a la de mejorar el estatus nutricional de la hembra o reducir los niveles de
actividad en los nidos. En cambio, alo-alimentación puede servir como una señal intraespecı́fica importante para
mantener los enlaces sociales entre la pareja.
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Among most migratory songbirds, incubation
is performed by females without assistance from
males, and the physiological cost of incubation
is greatest when ecological conditions at nest
sites are harsh or unpredictable (Verner and
Willson 1969, Emlen and Oring 1977). Males
of some migratory species are known to faculta-
tively incubate and/or feed the female during
the incubation period (hereafter allofeeding).
These behaviors seem to have been selected
for their role in reducing the energetic stress
of females. When males incubate, females have
additional time to forage, and thereby reclaim
the nutrients required for egg production. The-
oretically, a well-provisioned female is capable
of laying a second clutch more quickly if the
first attempt fails, and of double brooding if
it succeeds (Emlen and Oring 1977, Ketterson
and Nolan 1994). Similarly, allofeeding has
been interpreted to be an adaptation by which
males invest in offspring indirectly by reduc-
ing the nutritional stress of females (Royama
1966, Smith 1980), and has sometimes been
considered a mutually exclusive alternative to
male incubation (e.g., Matysioková and Remeš
2014).

However, for most species that exhibit these
behaviors, there is a paucity of data so their
evolutionary causes remain unclear. Males that
are ‘incubating’ may be concealing or defending
nests from predators while females are foraging
(Hailman and Wolfenden 1985, Kleindorfer
and Hoi 1997, Voss et al. 2008), and allofeeding
may evolve for reasons unrelated to female
nutrition (e.g., pair-bond maintenance and sig-
naling; Lack 1940, Smith 1980, Senar 1984,
Carlisle and Zahavi 1986). Allofeeding may also
be a (non-adaptive) byproduct of anticipatory
parental care (i.e., food intended for young
that have not yet hatched; Nolan 1958); or
it may enable females to incubate for longer
periods, reducing the number of trips to and
from the nest, and thus decreasing the likelihood
of detection by a predator (e.g., Skutch 1949).

We investigated these phenomena in Sage-
brush Brewer’s Sparrows (Spizella breweri

breweri), migratory songbirds that are assumed
to be socially monogamous, although their so-
cial and genetic mating systems have not been
studied (Rotenberry et al. 1999). There is a
single report of cooperative parental care (Gill
and Krannitz 1997). Brewer’s Sparrows are one
of four North American species of sparrows
where male incubation is known to occur (11%,
N = 36 species), and the only species for
which the separate contributions of males and
females have been quantified (Mahony et al.
2001). Male incubation is known anecdo-
tally in Clay-colored Sparrows (Spizella pal-
lida, Fox 1961), Vesper Sparrows (Pooecetes
gramineus, Berger 1968), and Sagebrush Spar-
rows (Artemisiospiza nevadensis, Martin and
Carlson 1998). A few cases of “courtship feed-
ing” by Brewer’s Sparrows away from the nest
have been reported (Nordin et al. 1988), but
the extent to which allofeeding is related to
incubation strategy (uniparental/biparental) is
unknown.

We conducted 24-h video surveillance of
nests at two locations in northwestern Nevada
where Brewer’s Sparrows breed in high-elevation
landscapes dominated by big sagebrush (Arteme-
sia spp.). Our objectives were to (1) deter-
mine if biparental incubation occurs in these
populations, and if so, estimate the propor-
tion of nests exhibiting biparental incubation
at each site, (2) determine if constancy (i.e.,
percentage of a 24-h period that eggs are in-
cubated, Skutch 1962), mean recess duration
(when eggs were uncovered between incubation
sessions), and number of sessions per hour (here-
after response variables) differed between nests
that were biparentally incubated (hereafter bi-
parental) and those that were not (uniparental),
(3) determine if the means of response vari-
ables differed significantly between study sites,
(4) determine if the response variables fluctuated
non-randomly with Julian date, and (5) with
day of incubation (i.e., temporal proximity to
hatch day), (6) determine if days on which
biparental incubation was detected were colder
on average than days when it was not and,
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if so, (7) determine if alternative models that
included incubation strategy and its interaction
with mean temperature as independent variables
provided a better fit to the constancy data.

Next, we (8) determined if allofeeding oc-
curred at the nest, and whether it occurred more
frequently at uniparental or biparental nests.
We reasoned that if allofeeding in Sagebrush
Brewer’s Sparrows serves a functional role in
alleviating the nutritional burden of females,
then allofeeding would occur more frequently
at uniparental nests where the relative cost
of incubation to females is greatest. We also
expected most feeding events to consist of a
mobile individual giving food to an incubating
(immobile) individual. Finding that allofeeding
occurs only at biparental nests or is directed
toward mobile individuals capable of foraging
on their own (e.g., Nordin et al. 1988) would
suggest that the behavior confers a benefit inde-
pendent of female nutrition (e.g., intraspecific
signaling, Lack 1940, Carlisle and Zahavi 1986).
If allofeeding occurs at both uniparental and
biparental nests, it may simply reflect antic-
ipatory parental care (e.g., Nolan 1958); in
that case, (9) the allofeeding rate would be
expected to increase with temporal proximity
to hatch day. Finally, because allofeeding may
draw attention to the nest and thereby influence
the predation rate (e.g., Skutch 1949), we (10)
determined if nests where allofeeding was and
was not detected differed in mean number of
sessions per hour, mean constancy, and mean
recess duration, and (11) if sessions immediately
following allofeeding events were longer than
average.

METHODS

Study sites and camera setups. During
three consecutive breeding seasons (2006–
2008), we located and monitored nests of
Sagebrush Brewer’s Sparrows on two mountains
separated by �35 km in the Sheldon National
Wildlife Refuge (NWR), Nevada: (1) Badger
Mountain (41° 45’ N, 119° 16’ W; 1840–2718
m asl), and (2) Bald Mountain (41° 53’ N,
119° 19’ W; 1763–2067 m asl). We used
Arcview 3.3 (Environmental Systems Research
Institute, Redlands, CA) with GIS vegetation
layers (USFWS) to randomly choose research
plots (600 m2) in areas dominated by mountain
big sagebrush (A. tridentata vaseyana). Plant

communities also included antelope bitterbrush
(Purshia tridentata), green rabbitbrush
(Chrysothamnus viscidiflorus), and mountain
snowberry (Symphoricarpos oreophilus), as
well as diverse communities of native grasses
including Idaho fescue (Festuca idahoensis),
blue-bunch wheatgrass (Pseudoregnaria spicata),
and Thurber’s needlegrass (Achnatherum
thurberiana). Badger Mountain supports
groves of mountain mahogany (Cercocarpus
ledifolius) and has a few scattered western
junipers (Juniperus occidentalis), whereas Bald
Mountain has extensive juniper groves but lacks
mountain mahogany. A more detailed synopsis
of vegetation communities at both sites was
provided by Holmes (2010) and Holmes and
Robinson (2013).

We located nests using behavioral cues. We
concealed small video cameras in vegetation and
placed them within 1 m of nest rims. Nests
were continuously monitored during the day
and night (via infrared), but the approach of
adult birds to nests was not visible in the camera
view. Cameras were connected via extension
cables to battery-powered VCR units located
> 20 m from nests. We waited until the day after
clutch completion to deploy cameras to reduce
the potential of human-induced abandonment.
No abandonment was observed. Nests were
filmed until they failed or nestlings fledged. We
exchanged batteries and video tapes daily. At
each site, we programmed an electronic data-
logger housed in a Stevenson screen to record
ambient temperature once per minute. We used
these data to calculate mean ambient tem-
perature during daylight hours (05:30–20:30)
for each day of video footage in the sample
(N = 48).

Video transcription. We reviewed video
footage at the Oak Creek Laboratory at Oregon
State University. We generated a randomized
series of integers and used it to choose two
complete 24-h periods (�4 days apart) from
each nest, midnight to midnight, excluding
footage from the day of camera deployment and
the day prior to hatching. We also excluded days
with inclement weather (hail or snow). We were
unable to sample more than two days per nest
due to logistical constraints. We determined the
day of incubation either by counting forward
from known laying dates or counting backward
from known hatch dates and assuming an av-
erage incubation period of 11 days (Reynolds
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1981, Rotenberry and Wiens 1991). If a prob-
lem was encountered during the review process
(i.e., >90 min with an obstructed camera view),
the tape was discarded and another tape was
chosen randomly until two complete days were
sampled for each nest. Smaller sections of prob-
lematic footage (<90 min duration) were trun-
cated from 15 of 54 videos (truncation mean
= 49.1 ± 36.7 [SD] min). We recorded (1)
the onset and cessation of incubation sessions
to the nearest second using the embedded time-
stamps in the footage, and (2) the direction and
outcome of every allofeeding event.

Case study. Brewer’s Sparrows are sexually
monomorphic and indistinguishable on video
without color bands or other markings. In 2006
and 2007, we deployed video systems with the
aim of identifying nest predators for a different
study that did not require individuals to be
marked (Holmes 2010). In 2008, we realized
that the video footage could also yield valuable
information about incubation behavior, so we
devised a method to retroactively detect bi-
parental nests in the 2006–2007 footage. Mark-
ing a sample of birds was logistically impossible,
so we conducted a case study of a biparental
nest at Badger Mountain by marking the head
of a color-banded male with a non-toxic marker
that was thereafter visible in the camera view.
We noticed that the male and female incu-
bated in an alternating pattern (as reported by
Mahony et al. 2001), and both adults were
occasionally seen on the screen together dur-
ing transitions (Fig. 1A). We thereafter set a
transition-length threshold to classify cases of
biparental incubation in the sample, i.e., any
nest that featured multiple transitions lasting
<10 sec and/or visual confirmation of two adults
on screen during a transition was denoted as
‘biparental.’ When the criteria were not met,
we categorized nests as ‘uniparental.’ This crude
method may have resulted in the misidentifica-
tion of biparental pairs that switched at intervals
of >10 sec (i.e., Type II errors) so the proportion
of biparental nests at each site that we report may
be an underestimation.

Statistical analyses. For each nest, we cal-
culated four response variables for each day of
footage, including (1) constancy, (2) mean recess
duration, (3) number of incubation sessions per
hour (i.e., uninterrupted bouts of incubation),
and (4) number of allofeeding events per hour.
We created a nested data set by calculating the

means of the two sampled days per nest. The
nested data were then used in the analyses for
objectives 2–5 and 9–11. To determine if the
means of the response variables differed between
uniparental and biparental nests (objective 2)
and study sites (objective 3), we tested each
variable for normality (Anderson–Darling test,
� = 0.05) and equal variances (Levene’s test,
� = 0.05), and then performed two-sample
t-tests when both assumptions were met or
Mann–Whitney U-tests when they were not.
We performed linear regressions to determine if
the response variables fluctuated non-randomly
with Julian date (objective 4) and proximity to
hatch day (objective 5), and if the allofeeding
rate increased with proximity to hatch day
(objective 9). We used t-tests to determine if
response variables differed between nests where
allofeeding was and was not detected (objective
10), and a Mann–Whitney U-test to determine
whether the duration of incubation sessions
immediately following allofeeding events were
longer than average (objective 11). Results for
objectives 2–5 and 9–11 were considered signif-
icant when P < 0.05.

To determine if biparental incubation was
more likely on colder days (objective 6), we
performed a linear regression on the un-nested
data (N = 48 days of footage), weighted by
a cluster variable equal to the square root
of the number of data points for each nest
(i.e., �2). This approach assumes the standard
error of the mean detections per point is in-
versely proportional to the square root of the
number of points within a cluster (Neter et
al. 1990, Gardali et al. 2006). We introduced
incubation strategy as a second independent
variable (objective 7) and compared a nested se-
ries of three Generalized Linear Models (GLM)
to examine the independent and interactive
effects of mean ambient temperature and in-
cubation strategy on mean constancy. All three
models were logit-transformed (Baum 2008),
weighted by a cluster variable, and calculated
assuming a binomial distribution of residuals.
Two models included one independent variable
each (temperature or strategy), and the third
model included both. We compared Akaike’s
information criterion (AIC) scores (as reported
by estat ic) to identify the model that best fit
the constancy data, i.e., the one with the lowest
score. All statistics were calculated with Minitab
16 (Microsoft Corporation, Redmond, WA) or
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Fig. 1. Diurnal incubation rhythms and constancy at nests of Sagebrush Brewer’s Sparrows (N = 3) at the
Sheldon NWR, Nevada, 2006–2008. Nest A (biparental) was attended by the case study pair. Nests B and C
were uniparental (i.e., no switching detected; see text). Two complete diurnal periods are shown for each nest.

Stata (StataCorp LP, College Station, TX). All
means are reported with ± 1 SD.

RESULTS

Case study. Nocturnal incubation was by
the female only. During the day, both sexes
incubated in an alternating pattern (Fig. 1A).
The female incubated more than twice as long
as the male (day 1: 4.46 hr male, 10.41 female;
day 2: 4.05 male, 10.02 female), but they had
a similar number of incubation sessions (day 1:
20 male, 23 female; day 2: 21 male, 22 female).
Sessions by the female were longer in duration
(mean = 27.87 ± 18.8 min) than those of the
male (mean = 12.15 ± 6.78; two-sample t-test,
t54 = 5.2, P < 0.001). The pair exhibited high
constancy on both sampled days (day 1: 0.93,
day 2: 0.93, Fig. 1A). Twice, the male fed the
female immediately before replacing her at the
nest.

Frequency and distribution of strategies.
Biparental incubation was detected at 71% of
nests (17/24), including 50% of nests at Badger
Mountain (6/12) and 92% of nests at Bald
Mountain (11/12).

Behavioral differences between strate-
gies. Constancy at biparental nests (mean =
0.91 ± 0.04) was greater on average than
at uniparental nests (mean = 0.76 ± 0.04,
Fig. 2A). Mean recess duration at biparental
nests (mean = 162.8 ± 93.3 sec) was shorter
than at uniparental nests (mean = 448.8 ±

124.2 sec; Fig. 2B). There was a strong neg-
ative correlation between mean constancy and
mean recess duration (Pearson r = −0.93,
P < 0.001). We found no difference between
biparental (mean = 2.24 ± 0.5) and uniparental
nests (mean = 2.03 ± 0.52; Mann–Whitney
U-test adjusted for ties, N = 24, W = 229.0,
P = 0.31) in the number of incubation sessions
per hour. At only one of 24 nests (4%), we
observed uniparental incubation on one day
(constancy = 0.77, N = 36 incubation sessions)
and biparental on the other (0.83, N = 58
sessions); mean recess duration was longer on
the uniparental day (Mann–Whitney U-test,
W = 2394.0, P < 0.001).

Behavioral differences between sites.
We detected no differences between study sites
(N = 24 nests) in mean constancy (Mann–
Whitney U-test adjusted for ties, W = 130.5,
P = 0.27), mean recess duration (W = 178.0,
P = 0.11), or sessions per hour (two-sample
t-test, t21 = −1.8, P = 0.08).

Temporal variation in incubation behav-
ior. We found no significant effect of Julian
date on mean constancy (Linear regression,
N = 24, R2 = 0.06, � = −0.001, P = 0.24),
recess duration (Linear regression, R2 = 0.12,
� = 3.84, P = 0.11), and sessions per hour
(Linear regression, R2 = 0.08, � = 0.01,
P = 0.16). Similarly, we found no significant
relationships between mean day of incubation
and mean constancy (Linear regression, N =
24, R2 = 0.03, � = − 0.88, P = 0.39), mean
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Fig. 2. Significant differences between uniparental
and biparental incubation strategies in (A) mean
constancy (Mann–Whitney U-test adjusted for ties,
W = 30.0, P < 0.001), and (B) mean recess duration
(W = 144.0, P < 0.001), at nests of Sagebrush
Brewer’s Sparrows (N = 24) in the Sheldon NWR,
Nevada, 2006–2008. The outlier (*) represents the
only nest where we observed biparental incubation
on one day, but not the other.

recess duration (Linear regression, R2 = 0.07,
� = 1.24, P = 0.23), or sessions per hour (Linear
regression, R2 = 0.08, � = −1.36, P = 0.19).

Incubation behavior and temperature.
Biparental incubation was more frequent on
colder days (Linear regression with cluster vari-
able, N = 48, � = −0.047, P = 0.001, Fig. 3).
The GLM with incubation strategy as the sole
factor (AIC = 29.72) provided the best fit to the
constancy data and exhibited no overdispersion
(Table 1, mean deviance = 0.872), compared
to the temperature-only (AIC = 31.12) and
interaction models (31.72).

Allofeeding. In the complete dataset (N =
28 nests, including those with inclement
weather), we detected 21 allofeeding events at 11
nests. Allofeeding occurred at 55% of biparental
nests (11/20), but was not detected at uni-
parental nests (0/8). It was never detected more
than twice at a single nest in a 24-h period. When
it occurred, the frequency of allofeeding was low
(N = 11 nests, mean = 0.018 ± 0.01 feeds per
session). Nests where allofeeding was detected
tended to have more incubation sessions per
hour on average (i.e., more transitions) than
nests with no allofeeding (two-sample t-test,
t18 = − 2.1, P = 0.047); no difference was found
for either mean constancy (two-sample t-test,
t18 = − 0.02, P = 0.98) or mean recess duration
(two-sample t-test, t18 = 1.0, P = 0.33). In
66.7% of cases (14/21), the recipient of food
(i.e., incubator) left the nest immediately after
being fed, and the feeder then began to incubate.
In 28.6% of cases (6/21), the recipient of the
food continued to incubate. In one case (4.7%),
an adult attempted repeatedly to transfer food
to the sitting adult, but the latter bird would not
accept it. After several seconds, the sitting adult
left the nest and the adult that brought the food
ate it and then initiated incubation.

Sessions that followed an allofeeding event
were highly variable in duration (mean = 739
± 1045 sec), but session duration was lower
than average when allofeeding occurred (Mann–
Whitney U-test adjusted for ties, W = 530,
P = 0.001). Allofeeding was frequently preceded
by the recipient exhibiting a begging posture
(fluttering wings and wide gape), but we did not
quantify this behavior. The number of allofeed-
ing events per hour (N = 9 nests; excluding
those with inclement weather) did not increase
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Fig. 3. Scatterplots showing complete days of footage of nests of Sagebrush Brewer’s Sparrows at Badger
Mountain (N = 24) and Bald Mountain (N = 24) in the Sheldon NWR, Nevada, 2006–2008. Each data
point represents 24-h of footage. Mean ambient temperature during daylight hours (05:30–20:30) is plotted
on the y-axis. Uniparental and biparental nests are denoted by black circles and white squares, respectively.

Table 1. The best-fit GLM shows a significant relationship (N = 48 video days) between mean constancy
(dependent variable) and incubation strategy (independent variable) at 24 nests of Sagebrush Brewer’s
Sparrows. The model was performed with a logit transformation (Baum 2008) and weighted cluster variable
(see methods)

Model Characteristic � SE z P > ǀ z ǀ 95% CI

Constant −0.08 0.176 −0.46 0.645 −0.427 0.264
Incubation Strategy 1.218 0.125 9.75 <0.001 0.923 1.46

with temporal proximity to hatch date (Linear
regression, R2 = 0.02, � = −0.45, P = 0.67).

DISCUSSION

Incubation constancy at biparental nests of
Sagebrush Brewer’s Sparrows in our study is
the highest reported for the genus Spizella
(range = 0.87–0.96; reviewed by Conway and
Martin 2000b). Mean constancy at uniparental
nests (0.76, range = 0.71–0.81) was greater than
that of congeners where female-only incubation
is thought to be the norm, including Chipping
Sparrows (S. passerina, 0.67), Field Sparrows
(S. pusilla, 0.70), and American Tree Sparrows
(S. arborea, 0.65). We found that constancy
was significantly greater at biparental nests, a
pattern evident in other songbirds with male

incubation (Matysioková and Remeš 2014). The
proportions of biparental nests at our high-
elevation study sites (Badger Mountain 50%,
Bald Mountain 92%) were greater than previous
estimates from the northern periphery of the
species’ range where Brewer’s Sparrows breed at
lower elevation (24–32% in British Columbia,
30–56% in Washington; Mahony et al. 2001).
The true proportion of biparental nests in our
study may have been even higher because our
method of detecting the behavior was suscepti-
ble to Type II errors.

Biparental incubation was more likely on
colder days when the energetic cost of incu-
bation was presumably greatest (see Conway
and Martin 2000b), but ambient temperature
was not the best predictor of constancy in the
GLM analysis. The incubation strategy model
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was a better fit to constancy data than two
models that included ambient temperature as
a potential factor. Therefore, high constancy
(via biparental incubation) may be favored by
selection because it confers one or more benefits
that are independent (but not exclusive) of the
thermal regulation of eggs.

One frequently overlooked benefit of high
constancy is a reduced likelihood of nest pre-
dation. Kleindorfer and Hoi (1997) showed
that causes of nest failure during the incubation
period of Moustached Warblers (Acrocephalus
melanopogon) shifted as the season progressed.
Early in the season, high constancy (via bi-
parental incubation) played a critical role in
thermal regulation. Later in the season, when
risk of nest failure due to temperature stress was
diminished, high constancy continued to pro-
vide a benefit by concealing nests from visually
oriented predators (Kleindorfer and Hoi 1997).
The same logic has been applied to the risk
of intraspecific brood destruction (e.g., Voss et
al. 2008). The predation avoidance hypothesis
is plausible in our study system because visu-
ally oriented predators, e.g., Northern Harri-
ers (Circus cyaneus), Common Ravens (Corvus
corax), and Western Scrub Jays (Aphelocoma
californica), were commonly observed at our
study sites (MRH and ALH, pers. observ.),
biparental incubation was detected even during
the warmest months (e.g., the case study pair
was filmed on 6 and 7 July), and constancy was
unrelated to Julian date. Nest site selection by
Brewer’s Sparrows also appears to be an adaptive
response to predation risk (Chalfoun and Martin
2010). Therefore, in future studies, investiga-
tors should consider predator–prey interacti-
ons as a potential (partial) cause of variation
in rates of biparental incubation in Sagebrush
Brewer’s Sparrows.

Incubation feeding and biparental incu-
bation are clearly not mutually exclusive
phenomena, as they have sometimes been
treated (e.g., Matysioková and Remeš 2014).
Allofeeding was only detected at biparental nests
in our study and, in most cases, occurred during
transitions. Although the frequency of allofeed-
ing was low, biparental nests with allofeeding
had significantly more incubation sessions per
hour (i.e., more transitions) than nests without
allofeeding. This is the opposite of what would
be expected if allofeeding functioned to reduce
predation rate via limiting parental activity at

the nest (e.g., Skutch 1949). Further, the rate
of allofeeding did not increase with proximity
to hatch day, indicating that the behavior does
not represent the (non-adaptive) byproduct of
anticipatory parental care (e.g., Nolan 1958).

Allofeeding was not detected at uniparental
nests, and occurred so infrequently overall that it
seems unlikely to be a compensatory response to
female nutritional stress (Royama 1966, Smith
1980). We were unable to account for the
influence of individual quality on allofeeding
rates (e.g., lower-quality females may require
more dietary supplementation and/or incuba-
tion support than those of higher quality). Our
study design precluded detection of female-to-
male allofeeding events (if they occur), and
allofeeding may have occurred away from nests
but was not detected (e.g., Nordin et al. 1988).
Nevertheless, in light of these data, the alter-
native (untested) hypothesis that allofeeding is
used as an intraspecific signal, e.g., maintaining
or testing the social bond, deserves further
attention (e.g., Lack 1940, Carlisle and Zahavi
1986).

The frequency of biparental incubation, and
maybe allofeeding if it is a signal, is expected
to fluctuate with the ability (or inability) of
males to sire extra-pair offspring (Matysioková
and Remeš 2013). Opportunities for extra-
pair fertilizations are expected to vary with the
sex ratio, density, and synchrony of breeders
(Stutchbury and Morton 1995), but these hy-
potheses cannot be tested until the social and
genetic mating systems of Brewer’s Sparrows
are documented via video and genetic analysis
of color-banded populations (e.g., Goetz et al.
2003, Halley 2014). Thus, our results have
refined, to some extent, our understanding of
biparental incubation and allofeeding at nests of
Sagebrush Brewer’s Sparrows, but the proximate
and ultimate causes of these behaviors remain
enigmatic.
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