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ABSTRACT.—In 1993 and 1995, we detailed body mass growth rates, plumage development, and related
behaviors of Snowy Owl (Bubo scandiacus) nestlings from Barrow, Alaska. We recorded data from 71 of 80
nestlings from 14 of 20 nests in 1993 and 154 of 161 nestlings from 33 of 54 nests in 1995. Only nestlings
for which we had data from hatching to at least 25 d of age were included in the growth model. Nestlings
hatched between 1-8 d after “pipping” (creating a hole in) the eggshell. The semi-altricial young were
covered in white protoptile (first) down plumage at hatching and weighed about 44-45 g. For about the
first 7 d, their eyes were closed and movement was limited; the nestlings were dependent on the female for
thermoregulation, food, and protection. Growth was rapid and by 8-9 d, the dark gray mesoptile (second)
down had begun replacing protoptile down. By about 9-11 d, eyes were open, and by about 14 d, the owls
were dark gray in color, and primary flight feather quills emerged. Mass gains were greatest the week prior
to pre-fledging nest departure. The owls gained about 56 g every d, between 16-22 d. Around 21 d, the
primary flight feathers erupted from their quills, and at approximately 25 d, tail (rectrices) feather quills
erupted. After pre-fledging nest departure at approximately 21 d, the young owls roamed the tundra on
foot and were fed and protected by both parents. We did not observe voluntary brood reduction; however,
some young died in nests. Mass growth slowed substantially by about 34 d, while plumage development,
particularly flight feather growth, increased rapidly. Young within and between nests, and years, grew at
similar rates. Around 36-43 d, the young began their first attempts at flying, by hopping and pumping
their wings. Also at this age, differences in plumage between presumed males and females were noticeable.
Between 44 and 55 d, the young fledged, coinciding with the time when primary flight feather P8 reached
16.5 cm, and tail feather T1 reached 11.0 cm.
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TASAS DE AUMENTO DE MASA, DESARROLLO DEL PLUMAJE Y COMPORTAMIENTOS RELACIONA-
DOS DE POLLOS DE BUBO SCANDIACUS

RESUMEN.—En 1993 y 1995, detallamos las tasas de aumento de la masa corporal, el desarrollo del plumaje y
los comportamientos relacionados de pollos de Bubo scandiacus provenientes de Barrow, Alaska. Registramos
datos de 71 de 80 pollos provenientes de 14 de 20 nidos en 1993 y 154 de 161 pollos provenientes de 33 de 54
nidos en 1995. Solo se incluyeron en el modelo de crecimiento aquellos pollos para los que se tenian datos
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desde la eclosion hasta al menos 25 dias de edad. Los pollos eclosionaron entre 1-3 dias posteriores a la
realizacion de un agujero en la cascara del huevo. En el momento de la eclosion, los polluelos, semi-
altriciales, estaban cubiertos con plumén protoptilo blanco (primero) y pesaban 44-45 gramos. Los ojos
de los pollos estuvieron cerrados durante sus primeros siete dias de vida y su movimiento fue limitado.
Durante este periodo los pollos también fueron dependientes de la madre para la termorregulacion,
alimentacion y proteccion. El crecimiento fue rapido y hacia los dias 8-9, el plumén mesoptilo gris oscuro
(segundo) comenzé a reemplazar el plumén natal. En torno a los dias 9-11, los pollos abrieron los ojos, y
hacia el dia 14 los biithos eran de color gris oscuro y emergieron los cafiones de las plumas primarias de
vuelo. El mayor aumento de la masa de los pollos tuvo lugar la semana anterior a la salida del nido previa
al emplumamiento. Los bithos aumentaron alrededor de 56 gramos cada tres dias, entre los dias 16-22.
En torno al dia 21, las plumas remeras primarias emergieron de sus cafones mientras que los canones de
las plumas rectrices emergieron aproximadamente el dia 25. Después de la partida del nido previa al
emplumamiento, aproximadamente en el dia 21, los pollos deambularon por la tundra a pie y fueron
alimentados y protegidos por ambos padres. No observamos una reduccion voluntaria de la nidada; sin
embargo, algunos pollos murieron en los nidos. Cerca del dia 34, el crecimiento de la masa disminuy6
substancialmente, mientras que el desarrollo del plumaje, particularmente el crecimiento de las plumas de
vuelo, se increment6 rapidamente. Los pollos crecieron a ritmos similares tanto dentro como entre nidos y
anos. Alrededor de los dias 36-43, los pollos comenzaron sus primeros intentos de vuelo, a saltar y a batir
sus alas. También durante este periodo, se hicieron notables las diferencias de plumaje entre presuntos
machos y hembras. Entre los dias 44-55, los pollos volaron del nido, coincidiendo con el tiempo en que la
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octava primaria P8 alcanzé los 16.5 cm y la primera plumas rectriz T1 alcanzé 11.0 cm.

The Snowy Owl (Bubo scandiacus) is a large, ground-
nesting species that breeds in circumpolar regions of
the northern hemisphere (Mikkola 1983, Cramp
1985, Holt et al. 1999, Mebs and Scherzinger 2000,
Konig and Weick 2008, Potapov and Sale 2012). It is
one of the largest owls in the world and has the most
northerly distribution. In North America, wintering
males weigh approximately 1600-1800 g, whereas
females weigh approximately 2100-2280 g (Kerlinger
and Lein 1988, Holt et al. 2015). During the nonbreed-
ing season, many Snowy Owls migrate south to north-
ern temperate latitudes, and are often considered
nomadic (Mikkola 1983, Cramp 1985, Parmelee
1992) or irruptive migrants (Holt and Zetterberg
2008). Some Snowy Owls, however, winter at high lati-
tudes in marine environments (Fay and Cade 1959,
Irving et al. 1970, McRoy et al. 1971, Fuller et al.
2003, Therrien et al. 2011, Holt et al. 2015) and on
their breeding grounds (D. Holt unpubl. data).

Several studies reported breeding ecology of Snowy
Owls in North America and Europe (Murie 1929;
Pitelka et al. 1955a, 1955b; Sutton and Parmelee
1956; Watson 1957; Hagen 1960; Tulloch 1968; Robin-
son and Becker 1986; Parmelee 1972; Taylor 1973;
Wiklund and Stigh 1983, 1986; Petersen and Holt
1999; Menyushina 1994a, 1994b, 1994c; Potapov and
Sale 2012). With exception of this study, and Menyush-
ina (1994a, 1994b, 1994c), from Wrangel Island, Rus-
sia, most studies lasted a few seasons or less. Within
these studies, authors reported some aspects of Snowy
Owl growth (Murie 1929; Pitelka 1955a, 1955b; Sutton

[Traduccién del equipo editorial]

and Parmelee 1956; Hagen 1960; Tulloch 1968, 1969;
Parmelee 1972; Taylor 1973; Robinson and Becker
1986, Potapov and Sale 2012). However, these data
were difficult to interpret due to small samples, infre-
quent data points, and the mixing of data from cap-
tive-raised and wild young. Of these, four studies
provided some detailed data of mass growth and plu-
mage development (Watson 1957, from Canada;
Hagen 1960, from Norway; Tulloch 1968, from Shet-
land Islands, Britain; Potapov and Sale 2012, from Rus-
sia), although sample sizes were small.

Because measuring avian growth can be compli-
cated and growth of various body parts within a spe-
cies highly correlated (Ricklefs 1983, Starck and
Ricklefs 1998a), these authors suggested the most
straightforward method was to fit growth data to
equations with few interpretable variables (Starck
and Ricklefs 1998b). Comparisons could then be
made among individuals, cohorts, and groups. Mod-
els applied within and between years could then be
used to compare growth in relation to sex, age, nest-
ing chronology, and general health (Ricklefs 1968,
Penteriani et al. 2005, Seidensticker et al. 2006).
These parameters are an important source of intra-
specific and interspecific life history information.
In owls, the logistic function and its forms have
been the growth model used most often (Wijnandts
1984, Holt et al. 1992, Starck and Ricklefs 1998b,
Seidensticker et al. 2006). Consequently, this has
allowed researchers an opportunity to compare stud-
ies (see Starck and Ricklefs 1998b).
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Owl nestlings are semi-altricial. They are nidicolous,
and remain nest-bound for prolonged periods. Owl
nestlings proceed through a slow physiological and
morphological developmental period, and rely on pa-
rental care for thermoregulation, feeding, and protec-
tion for an extended time. Consequently, as a group,
owls have bi-parental care until dependent young
reach a certain age. (See species accounts by Bruce
1999, Holt et al. 1999, Mebs and Scherzinger 2000,
Konig and Weick 2008) . Herein we provide a standard-
ized detailed approach to quantifying mass growth
rates, plumage development, and related behaviors
from hatching to fledging in Snowy Owl young, based
on large sample sizes of Snowy Owls in Barrow, AK.

METHODS

Study Area. Our study (213 km?) is located on the
Arctic Coastal Plain, Barrow, AK, U.S.A. (71°18'N,
156°40'W). Barrow is bordered by the Chukchi Sea
to the west and Beaufort Sea to the east. Topographic
relief is low (sea level to 10 m), and ice wedge polygo-
nal ground, shallow lakes, and underlying permafrost
influence the landscape (Brown et al. 1980).

In Barrow, winters are long, dry, and cold, whereas
summers are short, cool, moist, and windy. Snowmelt
begins in June, and daylight lasts 24 hr per d from 10
May to 2 August (Bunnell etal. 1975, Brown etal. 1980).

Field Methods. From 1992 to 2015, DWH studied
various aspects of Snowy Owl breeding ecology at Bar-
row. The owls do not breed every year. However, in
1993 and 1995, brown lemmings (Lemmus trimucrona-
tus) were abundant and Snowy Owls bred in large num-
bers. Consequently, we recorded various aspects of
Snowy Owl nestling growth. To locate nests, we hiked
and used binoculars to scan the tundra. We initially
searched for territorial male owls roosting alone on
tundra mounds. Because of their highly reflective white
plumage, they were easy to observe. If we located a
male, we scanned the area for a female lying horizon-
tally on a tall nest mound. The brown barring and spot-
ting of the female’s plumage rendered her more
difficult to locate.

In 1993, we found 20 nests and visited them daily
as did Watson (1957). We include data from 14 of
these 20 nests, representing 71 of 80 nestlings. In
1995, we found 54 nests and visited them every third
day. We include data from 33 of these 54 nests, repre-
senting 154 of 161 nestlings. Thus, we have detailed
data for 225 nestlings from 47 nests. Nests were not
visited during heavy fog or rain. In each year, one
or two portable observation blinds were set up and
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moved to different nests when appropriate, so we
could make behavioral observations.

During nest visits, we recorded clutch size and exam-
ined eggs for hatching. Where possible, we marked
some freshly laid eggs with permanent marker, and
then estimated incubation periods. Because Snowy
Owls begin incubation with the first egg, and eggs
were generally laid at 2-d intervals, we assumed that
eggs hatched in the order laid, and thus assigned lay-
ing sequence beginning with the first egg to hatch.
Our systematic nest visits provided confidence in these
assumptions. Furthermore, for our purposes, knowing
nestling hatching order was more important than
knowing egg-laying order. We identified eggs as frac-
tured (cracked shell) and “pipped” (hole in egg)
where nestlings began emergence. After nestlings
hatched, we recorded: hatchling weight, hatching
intervals, mass growth, plumage development, eye-
opening, iris color, egg tooth presence or absence,
and related behaviors. Because Snowy Owl nestlings
depart nests on foot at approximately 3 wk of age, we
recorded relative distance young traveled from their
nests until their first flights by pacing or visual estima-
tion. We located young that had departed their
nest by searching the nesting territory, observing
food deliveries by adults, and listening for young mak-
ing food-begging calls. We subjectively defined fledg-
ing as the ability to fly in a somewhat sustained fashion
and to land with coordination. We monitored young
until they died, could not be found, or fledged. Once
young fledged, they roosted conspicuously together
or in close proximity to each other on tundra mounds.
Given our standardized nest visits, experience in locat-
ing young, and the owls’ relatively predictable behav-
iors, we believe that young not found were sick or
injured and destined to die, or already dead. In either
case, they did not fledge. We monitored families until
all young fledged or until 1 September when we left
the study area. All but a few young were flying by this
time, and the remaining few were usually only a few
days from fledging. Thus, we were confident in assum-
ing that they too fledged.

Nestlings were weighed with 100-, 300-, 500-, 1000-,
2000-and 2500-g Pesola (Schindellegi, Feusisberg, Swit-
zerland) and Avinet (Dryden, NY U.S.A.) scales, with
increments of 1, 2, 5, 10, and 50 g. One nestling from
each nest was photographed and plumage and growth
recorded during each nest visit. In 1995, we measured
growth of the emerging eighth primary feather (P8)
and central left and right tail feathers (T1 left and T1
right) to the nearest cm. Initially, all feathers were
encased in sheaths. We measured growth of these flight
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Figure 1. Fitted growth curves of mass verse age for Snowy Owl nestlings, 1993 and 1995.

feathers until they erupted from the sheath, after which
time we measured growth of the erupted feather until
owls fledged.

Because the eggs of Snowy Owls, and most owl
species, hatch asynchronously, we were able to identify
individual nestlings during nest visits. We noted
marked differences in size, plumage patterning, and
coloration prior to fledging, suggesting sexual size
and color dimorphism. However, we had not devel-
oped a reliable sexing technique to separate males
from females at that time (see Seidensticker et al.
2011). All nestlings were banded with number 8 or
rarely number 9, United States Geological Survey
(U.S.G.S) aluminum bands, when they were between
15-20 d old, just prior to pre-fledging nest depar-
ture. Thus, we were able to identify all individuals and
monitor their growth and survival after nest departure.

Growth Model. To describe the owls’ growth, we
chose the logistic model (Ricklefs 1968, Wilson
et al. 1987, Nagarajan et al. 2002, Starck and
Ricklefs 1998b). We fitted the logistic equation
y:m where y = mass (g) of nestling,

= parameter related to asymptote of growth,
{; = parameter related to the age at half the growth,
K = parameter related to growth rate, ¢{ = age of
nestling (d). A nonlinear mixed effects model was
used due to the nested structure of the data (nestling
within nest within year). We considered the asymp-
tote parameter (K) as random. The mixed-effect
model allowed us to report an average growth model

of all nestlings. For the purposes of fitting the growth
model, only nestlings for which we had data until at
least 25 d old were included. All calculations were
performed in R and the “nlme” function was used
to fit the logistic growth curve (R Development
Core Team 2007). The “nlme” function in R fits a
nonlinear model to data allowing for a nested data
structure. The function requires initial estimates of
the parameters and the parameters are estimated
by maximizing the log-likelihood.

RESULTS

Snowy Owls nested on the ground. Nests were
located on mound tops approximately 1 m high.
Females dug a circular bowl approximately 45 cm
wide and 10 cm deep in the soil thaw zone. Eggs were
laid on bare ground and no nest material was added.
Nest mounds provided commanding views, and were
the windiest sites on the tundra (Holt et al. 2009a).

Nestling Growth. In both years, the owls exhibited
a sigmoidal-shape growth curve, similar to avian
growth in general. The model fit with the observed
data from combined 1993 and 1995 data was signifi-
cant (P < 0.0001, 5. = 86.8; Fig. 1). The estimate
for the asymptote of the model, A, was 1483.1 g (SE
= 7.9 g; Table 1). On average, young reached the
asymptote at 1483.1 g with a 95% CI of 1476.6—
1498.7 g (Table 1). The growth parameter, K, was
0.150 d=! (SE = 0.0043 d-1, 95% CI = 0.142-0.158 d-1;

$S900E 931} BIA £2-80-G20¢ 1e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumoq



JUNE 2016

GROWTH OF SNOWY OWL NESTLINGS

135

Table 1. Results of the mixed effects nonlinear logistic growth model for Snowy Owl nestlings in Barrow, AK U.S.A.
STANDARD 95% CONFIDENCE

PARAMETER ESTIMATE ERROR PVALUE INTERVAL

A 1483.15 7.93 <0.0001 1476.6, 1498.7

K 0.150 0.0043 <0.0001 0.142, 0.158

Ki; 18.8 0.113 <0.0001 18.58, 19.02

Table 1). Finally, the midpoint parameter, K, was
18.8 d (SE = 0.113 days, 95% CI = (18.58-19.02 d),
which was interpreted as the average time for young
to reach half of their growth (Table 1).

Development and Behavior. Incubation and
hatching period. Eggs were white and nearly spherical
in shape. Nestlings hatched out of the side of the
egg, but toward the top end. Where approximated,
eggs hatched after an incubation period of about
31-33 d. Eggs hatched asynchronously and generally
in order laid, as in most species of owls. Nestlings
vocalized from within the egg prior to hatching.
Fracturing of the egg shell, the creation of the pip-
ping hole, and the emergence from the shell took
1-3 d.

Nest-bound  period. Nestlings were wet when
hatched, but by end of the first day had dried and
were covered in white, fluffy protoptile (first) down
on all feather tracts. Actual hatching mass was 44.7 g,
SE = 0.36, n = 136), although the model overpredicted
the nestling hatching weight at 97.8 g (Table 2). Nest-
lings’ eyes were closed and movement limited. The

white egg tooth was present on the black bill, and the
cere was grayish (Fig. 2a). The metatarsal pad and
foot soles were bare of feathers and pink in color
(Table 3). A soft twitter was the only vocalization.

Between hatching and day four, nestlings gained
about 12.8 g/d (Table 2) and were still covered in
white protoptile down (Table 3, Fig. 2a). Between
4-7 d, nestlings gained 28.3 g/d (Table 2). At this
time, their fused eyelids began to open as a slit and
gray mesoptile (second) down was visible subcuta-
neously to protoptile down on capital, humeral,
spinal, and ventral feather tracts (Table 3, Fig. 2b).
Movement was limited.

Between 7-10 d, nestlings gained about 55.6 g/d
(Table 2). By 8-9 d, gray mesoptile down emerged
through the skin and began pushing protoptile
down out on all feather tracts (Table 3, Fig. 2c). Their
eyes were yellow-gray, and opened fully by 9-11 d (Fig.
3a). A loud, long, screeching food-begging call was
now the primary vocalization. We heard these vocali-
zations during nest visits and during observations
made from the blind. By 14 d, nestlings were dark

Table 2. Snowy Owl mass at 3-d intervals. Mass on Day 1 equals hatching weight.

MASs CHANGE

AVERAGE MASS PREDICTED MASS

AGE IN MEAN MASS PER 3-DAY GAIN PER FROM LOGISTIC
DAYS (n) IN g (SE) INTERVAL (g/3 d) DAy (g/d) MODEL (g)
1 (136) 44.7 (0.36) — — 97.8
4 (113) 83.0 (1.64) 38.3 12.8 147.44
7 (116) 167.8 (4.02) 84.8 28.3 218.3
10 (108) 334.7 (6.33) 166.9 55.6 315.2
13 (102) 410.1 (10.25) 75.4 25.1 440.1
16 (99) 588.2 (10.42) 178.1 59.4 589.6
19 (81) 747.5 (15.94) 159.3 53.1 753.1
22 (73) 918.3 (19.39) 170.8 56.9 915.5
25 (52) 1045.7 (19.02) 127.4 42.5 1062.0
28 (54) 1141.6 (31.57) 95.9 32.0 1183.1
31 (38) 1250.5 (30.70) 108.9 36.3 1276.1
34 (43) 1290.0 (28.91) 39.5 13.2 1343.7
37 (25) 1441.2 (43.50) 151.2 50.4 1390.8
40 (27) 1393.0 (36.60) —48.2 -16.1 1422.7
43 (32) 1437.5 (32.58) 44.5 14.8 1443.8
46 (19) 1562.1 (51.55) 124.6 41.5 1457.7
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Figure 2.
about day four. (b) Gray mesoptile down appears subcuta-
neously about 4-7 d old. (c¢) Gray mesoptile down emerges
through skin about 8-9 d and replaces protopile down.

(a) White protopile down from hatching to

gray in color, with white tips of the protoptile down
clinging visibly to the tips of the mesoptile down
(Fig. 3b). The nestlings were moderately mobile
within the nest at this time. Tail feather quills were
conspicuously absent. Leg and toe feathers were
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white. Also near 14 d, the primary (remiges) flight
feather quills emerged. Between 15-21 d, the egg
tooth disappeared, and primary flight feathers
erupted from their sheaths. The nestlings were
mobile, either on the nest mound or within a few
meters. All young were predominately covered in
gray mesoptile down (Fig. 3c). A surge in body mass
occurred around 16-22 d, just prior to and near the
time of nest departure. During this period, nestlings
gained approximately 56 g/d (Table 2).

Nest-departure  period. Nestlings moved in and
around the immediate nest at about 15 d. However,
they did not permanently depart their nest mounds
on foot until about 3 wk of age (Fig. 4a). The owls
were very mobile and moved in various directions
for the next 3 wk. They generally stayed within
1 km of their nests, but were capable of travelling
farther, depending on lemming populations and
neighboring owl territories. They usually roosted
alone, yet near each other, or occasionally in groups.
Only two young wandered into another owl’s terri-
tory, but did not mix with the other brood. Parents
were usually within view of young, with female parents
roosting closer to their young than males. After nest
departure, mass gain began to slow, and around
22-31 d, young gained approximately 37 g/d.

Between 22-28 d, mesoptile down was long and
deep gray in color. The white juvenile plumage began
pushing out mesoptile down around the forehead
and eyes, creating a white X on the face (4b).
The tail quills (rectrices) were conspicuous around
21-22 d and erupted by 25 d (Fig. 4b). The eyes
had begun turning a deep yellow color. Between
29-35 d, juvenile plumage around the eyes gave
way to a white facial mask. The black and white body
covert feathers were distinct. All juvenile primary
and secondary flight and covert feathers had
emerged, and were growing rapidly (Table 3,
Fig. 4b, 4c). Young continued to gain body mass,
albeit at a slower and more variable rate between
days 31-46, averaging about 20.7 g/d (Table 2).
Between 3643 d, all flight feathers continued to
grow rapidly. At this age, we noticed two distinct plu-
mages we attributed to sexual dimorphism. Plumage
of presumed males was whiter overall, with less bar-
ring and more spotting on the secondaries; presumed
female plumage was overall darker, with more bar-
ring and less spotting on the secondaries (Fig. 5a).
However, we developed a sexing technique at a later
time (Seidensticker et al. 2011).

Fledging period. At about 40 d, the young began to
jump and attempt flying, resulting in hops in which
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Table 3. Guide to Snowy Owl development from hatching to fledging, Barrow, AK U.S.A.

AGE (d) DEVELOPMENT BEHAVIOR

1-4 White protoptile down, eyes closed, egg tooth, talons whitish, Soft twitters (believed to be food-begging
feet and metatarsal pad pink (Fig. 2a). vocalization).

47 Gray mesoptile down appears subcutaneously under Helpless but moving in nest
protopile, eyes slit and opening (Fig. 2b)

8-14 Gray mesoptile down emerges through skin and replaces Gular flutter; holds head up; moderately
protoptile down, eyes open by 9-11 d, primary quill mobile in nest; long, loud, food-begging
feathers emerge about 14 d, tail feather quills absent, leg scream
and toe feathers white (Fig. 2c, 3a, 3b)

15-21 Rapid growth, primary feathers erupt from sheath, egg tooth Very mobile in nest, pre-fledging departure
disappears, tail feathers quills visible (Fig. 3c) from nest about 3 wk old

22-28 Eyes yellower, mesoptile down darker gray, plumage on Mobile, runs, departs nest on foot
forehead forming white X around eyes, tail feather quills
erupt (Fig. 4a, 4b)

29-35 White feathers around eyes forming a mask, primary wing Defense posture with wings outstretched
feathers and coverts show dark bars and spots, all juvenile
flight feathers grow rapidly and synchronously (Fig. 4b, 4c)

36-43 Wing and tail feathers well developed; noticeable differences  First attempts at hopping and flying
in plumage between siblings, suggesting male and female
differences; gray down retained on head, back, and breast
(Fig. ba)

44-55 Fledging, most birds flying with variable skills; juvenile May roost together or on nearby high

plumage replaces down, with last down to be replaced on

mounds, still dependent on adults for food

head (Fig. 5b)

they were briefly airborne. Due to the young’s
increased mobility, we had more difficulty collecting
data. Primary, secondary, and tail feathers grew
fastest during the 36-43 d period. At the time of
fledging, the mean length of the longest primary flight
feather (P8) was 16.5 cm (SD = 1.9, range 13-21.5, n=
80), and the mean length of the inner pair of tail feath-
ers (T1) was 11.0 cm (SD = 1.5, range = 6.7-13.9, n =
80). Between approximately 44-55 d, most young were
flying, with variable skill (Fig. 5b). At about 46 d old,
the young weighed on average 1562 g (SE = 51.55 g;
Table 2); however, data were more difficult to obtain
and our sample sizes were small at this age.

Once fledged, yet still growing, broods often
roosted together or near each other on tall mounds
within their nesting territory. We were uncertain
when family groups separated or when individuals
began to disperse. We believe this occurred some-
time in late September or early October, at the onset
of migration, and as indicated by groups of recently
fledged Snowy Owls seen at various locations, includ-
ing onboard ships at sea, at this time.

DISCUSSION
The Snowy Owl breeding season, from courtship
until young are independent, ranges from mid-May

to late September/early October, approximately
4.5-5 mo. Snowy Owls have a long incubation
(ca. 33 d), nest-bound period (ca. 21 d), pre-fledge
walking period (ca. 25 d), fledging period (ca. 10 d), and
perhaps another few weeks until independence. Thus,
Snowy Owls have one opportunity to breed per year.

Incubation and Hatching Period. Where data are
known, only female owls incubate eggs, initiating
with the first egg in most species (Bruce 1999, Holt
et al. 1999, Mebs and Scherzinger 2000, Koénig and
Weick 2008). In this study, only female Snowy Owls
incubated, brooded, and fed nest-bound nestlings.
Incubation periods for Snowy Owls were reported
at 32-33 d (Murie 1929, Watson 1957, Tulloch
1968, Taylor 1973, Robinson and Becker 1986) and
eggs hatch asynchronously at 1-2-d intervals, usually
in the order laid (Murie 1929, Watson 1957). Our
results were similar to these reports, although a few
eggs hatched near synchronously, and some eggs
hatched 3-5 d apart. Body mass and plumage
descriptions at hatching from a small sample of nest-
lings from other studies were consistent with our
results (Murie 1929, Watson 1957, Hagen 1960, Par-
melee et al. 1967, Potapov and Sale 2012).

Nestling Period. In our study, the protopile (first)
down was white, and nestlings acquired a gray

$S900E 931} BIA £2-80-G20¢ 1e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumoq



138 HOLT ET AL.

Figure 3.
(b) Nestlings gray with frosted tips to mesoptile down;
primary quills emerge by day 14. (c) Nestlings gray, tail
quills visible, primary feathers erupt, surge in mass gains,
very mobile, 15-21 d.

(a) Eyes yellow-gray and open fully by 9-11 d.

mesoptile (second) natal down at about 1 wk of age,
and within 2 wk of age they were mostly covered in
the mesoptile down. These findings were similar to
other studies (Sutton and Parmelee 1956, Watson
1957, Tulloch 1968, Potapov and Sale 2012).

VoL. 50, No. 2

Figure 4. (a) Very mobile, can run, departs nest about
3 wk old, tail feathers conspicuous. (b) Eyes deeper yellow;
juvenile plumage emerges, showing white X on face 22-28 d;
tail quills erupt about 25 d. (c) White mask forms on face,
juvenile upper wing coverts and flights feathers distinct at
29-35 d.

It is not known, in an evolutionary sense, why
Snowy Owl nestlings replace the white protopile
down with a gray mesoptile down. In all owl species
where data are known, the protopile down is white
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Figure 5.
differences between male and female at 36-43 d. Notice
less barring and more spotting on male secondaries and
more barring and less spotting on female secondaries. (b)
Young fledge around 44-55 d.

(a) Distinct plumage patterns suggest sex

(see Bruce 1999, Holt et al. 1999, Kénig and Weick
2008), and mesoptile down varies in color among
species. Most species of owls are nocturnal or active
at low-light levels, and only females incubate and
brood. Thus, we hypothesize that there is no need
for eggs or nestlings to evolve cryptic coloration
because they are almost constantly covered by the
female. Thus, white may be a neutral or default color
favored by natural selection, and energetically
cheaper to produce.

The evolution of gray mesoptile down by Snowy
Owls may be explained by two hypotheses, neither
mutually exclusive. First, natural selection should
favor cryptic coloration and plumage patterning to
reduce detection by predators or harassment by
other animals. Second, dark plumage should provide
thermal advantages (solar heat absorption and reten-
tion) from harsh weather while young are out of the
nest developing juvenile plumage. Dark colors
absorb radiant energy and may have thermal
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advantages over lighter colors that reflect radiant
energy (Marchland 1991).

Nest-departure Period. Snowy Owl nestlings in our
study area departed nest mounds on foot when
about 3 wk old. These results were similar to those
of Petersen and Holt (1999), and Romero et al.
(2006) for the same study area at Barrow, and other
studies (Watson 1957, Tulloch 1968, Robinson and
Becker 1986, Potapov and Sale 2012).

The surge in body mass gains prior to nest depar-
ture probably allows nestlings to gain endogenous
reserves (i.e., fat) needed to survive the Arctic envi-
ronment while flightless and still dependent on par-
ents. Why do nestlings depart their nests when so
young? Sutton and Parmelee (1956) suggested young
left to keep cool, but Watson (1957) concluded there
was no advantage. Our measures of stress hormones
indicated nestlings did not experience elevated corti-
costerone levels prior to departing nests (Romero
et al. 2006). These results supported our hypothesis
that neither brood size nor food, often considered
to be stressors leading to sibling rivalry or competi-
tion, influences nest departure (Romero et al. 2006,
Holt et al. 2009b).

Potapov and Sale (2012) suggested sibling rivalry
influenced nest departure in Snowy Owls. We saw
no signs of intense rivalry. If this were the case, how-
ever, younger, less-dominant siblings should leave
the nest before older siblings to gain relief from
aggression. This did not occur in our study, as older
nestlings always departed the nests first. Potapov
and Sale (2012) also suggested nestlings left the
nest in order to be seen first when adults returned
with food. However, depending on brood size, even
if one or two young have departed, the remainder
of the brood is nest-bound, and most food deliveries
occur at nests. It is our experience that young do wan-
der, but spend much of the time hiding, occasionally
giving food-begging calls. We believe flightless young
that have left the nest try to hide from mammalian
and avian predators. Furthermore, adults appear to
know where all the young are located. When adults
deliver food, the young scurry to meet them, get
excited, often vocalize, and flash their wings as they
grab food and maintain balance. In general, we did
not observe young expose themselves until adults
arrived with food. Potapov and Sale (2012) went on
to suggest that older young leave the nest sooner
because they are too large to be brooded and gain
warmth under the female. It is our experience that
larger nestlings nearing the age of nest departure
are capable of withstanding all but the most severe
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rain and wet snow conditions (D. Holt unpubl. data).
In fact, nestlings nearing this age often sat at the
nest edge gular-fluttering, a sign of overheating.
Furthermore, in inclement weather, young huddle
at the nest, reducing heat loss from conduction and
convection.

We suggest that natural selection favors rapid
nestling growth and early nest departure as an anti-
predator tactic due to the ground-nesting behavior
of Snowy Owls, and the fact that numerous terrestrial
carnivores exist throughout the owls’ breeding
range. A similar conclusion was reached by Ricklefs
(1968). In our study area, Arctic fox (Alopex lagopus)
and Pomarine Jaegers (Stercorarius pomarinus) do
prey upon a few Snowy Owl young. Pre-fledging nest
departure of Snowy Owls was similar to that of
another obligate ground-nesting species, Short-eared
Owls (Asio flammeus), which leave their nests at
about 16 d (Holt et al. 1992). Although both species
reached their greatest body mass gains just prior to
leaving their nests on foot, Snowy Owls probably
depart their nests about one week later than Short-
eared Owls because of growth and developmental
constraints of a larger bird. We agree with Ricklefs
(1968) and Holt et al. (1992) who suggested early
nest departure minimized time predators have to
locate nests. Similarly, tree-nesting Long-eared
Owls (Asio otus) that depart the nest at about 22 d
may also be avoiding predation (Seidensticker et al.
2006, Holt et al. 2009b). Secondarily, asynchronous
nest departure hedges against reproductive failure if
nests are preyed upon at later stages of the nestling
period.

Although Snowy Owl young generally stayed
within 1 km of their nests, occasionally they ventured
further. We were unsure of reasons driving this beha-
vior. It may be interplay between general wandering,
an adult strategy to move nestlings to safer areas to
avoid predation, or to areas where food is more abun-
dant. Neighboring Snowy Owl territories may also
influence this behavior. Other studies reported
young remain within a limited area of the nest
(Hagen 1960); or within 250 m, 400 m, or 1 km of
the nest (Watson 1957, Tulloch 1968). Potapov and
Sale (2012) reported young to wander up to 3 km,
and mix with other broods. We never observed
brood-mixing or feeding by unrelated adults during
the wandering period from our monogamous or
polygynous nests. Our results were most similar to
Watson’s (1957) from Baffin Island, Canada.

Fledging Period. Results from other studies were
consistent with ours. For example, first flight attempts
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have been reported at 30-37 d, and sustained coordi-
nated flight at 4460 d (Watson 1957, Parmelee
et al. 1967, Tulloch 1968, Taylor 1973, Robinson
and Becker 1986). And, once fledged, siblings con-
spicuously roosted on tops of mounds often near
each other, similar to Watson’s (1957) results.

Tulloch (1968) reported no sexual plumage differ-
ences at fledging; however, by 10 wk of age he saw
differences (n = 3). We noted discernible plumage
differences in young at 5 wk (see Results). Indeed,
we predicted and confirmed with blood tests the
sex of 140 individuals based on these plumage traits
and were 100% correct (Seidensticker et al. 2011).
We also wondered if males fledged before females
due to their lighter body mass, but were not able to
compare that during these years.

On Brood Reduction and Sibling Cannibalism. We
never observed voluntary brood reduction or sibling
cannibalism from 74 nests reported herein, or 235
nests for the entire study. We suspected that some
females ate young that died in the nest, or fed dead
young to hungry nestlings, and we know others did
not. The disappearance of nest-bound nestlings, the
discovery of their partially consumed bodies, and
nestling remains in pellets led us to these conclu-
sions. These events occurred during years of food
abundance or food shortage. Our observations
from blinds indicated females apportioned food
somewhat equally to all nestlings (D. Holt unpubl.
data). Nestlings showed minimal amounts of aggres-
sion toward each other, and when very young were
too small and weak to inflict serious wounds. How-
ever, when food was scarce, older, larger, and mobile
young outcompeted smaller siblings for food, until
about 2-3 wk of age when competition seemed to
decrease.

In species that hatch asynchronously, it is believed
that an opportunity is thereby provided for larger
nestlings to kill, eat, or be fed smaller nestlings, dur-
ing situations of food stress. Thus, brood reduction
supposedly increases chances for some successful
nesting during food shortages (Lack 1947, Magrath
1990). Brood reduction and cannibalism were sus-
pected for Snowy Owls (Ingram 1959), and reported
for Barn Owls (7yto alba) and Short-eared Owls
(Ingram 1959, Holt 1992). In one observation, Wot-
ton (1976) witnessed a female Snowy Owl feed a
dead nestling to another nestling. However, this
appeared to be scavenging, not brood reduction.
We filmed a female specifically care for a sick nest-
ling that eventually died. The female then fed this
2-wk-old nestling to the remaining four nestlings.
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However, we suggest that during times of food stress,
the consumption of a few small nestlings may not
substantially increase the survival of older siblings.

Comparisons with Other Studies. Mass growth
comparisons can be made to other studies as long
as the form of the nonlinear model is the same or
the parameter estimates are standardized according
to the method suggested by Ricklefs (1973). Because
Starck and Ricklefs (1998b) standardized their para-
meter estimates to a logistic model, comparisons can
then be made to their estimated values of the growth
parameter. Sample sizes were small from other
studies; however, our Snowy Owl growth values using
the logistic equation (K = 0.154, 95% CI = 0.150,
0.158) were similar to those of Ricklefs (1968,
1983), and Starck and Ricklefs (1998b; K = 0.148)
and Wijnandt’s (1984; K = 0.149) recalculation’s
of Watson’s (1957) data. These previous studies
did not report error measurements, so it is not possi-
ble to determine whether our estimates differed
significantly.

Potapov and Sale (2012) used a sigmoid equation
to describe Snowy Owl growth parameters from a
sample of wild owls from six nests and a few samples
from the literature. Their most detailed growth
data came from two captive-reared nestlings. They
claimed their model was more biologically correct
growth than models currently used in other ornitho-
logical studies. However, their growth curves are not
comparable to most other studies of owls that used
the logistic function.

Logistic growth models for tree-nesting Bubo
species similar in size to Snowy Owls were: Eurasian
Eagle-Owl (Bubo bubo) K = 0.060; Great Horned
Owl (B. virginianus) K = 0.138; and Verreaux’s
Eagle-Owl (B. lacteus) K = 0.099 (Starck and Ricklefs
1998b). These three species grew at a similar growth
rate as Snowy Owls, but Snowy Owls departed their
nests earlier. Furthermore, the rapid growth of Snowy
Owl flight feathers after nest departure may have
evolved in response to terrestrial predation pressure.
Indeed, tree-nesting owl species grow more slowly
relative to size (Ricklefs 1968, Starck and Ricklefs
1998a), probably because they are released from
some predation pressure incurred from ground
nesting.

Conclusion. We provide a quantitative measure of
mass growth and plumage development in Snowy Owl
young. We also propose several hypotheses as to the
evolution of these traits based on 24 yr of researching
Snowy Owls in the Arctic. Our hypo-theses provide a
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foundation for future research questions-descriptive,
quantitative, and experimental.

Compared to other Bubo species, Snowy Owls have
a rather more rapid growth and development. This is
probably influenced by its ground-nesting habits and
by the short Arctic breeding season. Indeed, because
Snowy Owls are obligate ground nesters, their rapid
growth and development likely coevolved. Although
Snowy Owls are large, powerful, and capable of vigor-
ous nest defense, nestlings and young that have
departed the nests are subject to occasional preda-
tion by mammalian and avian predators. Therefore,
we suggest that natural selection favors rapid nestling
mass growth, an early pre-fledging nest departure
and hiding period, and rapid flight feather develop-
ment as an antipredator adaptation. These traits
are consistent with the life history of many other
ground-nesting bird species.
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