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NOTE / NOTE

Surviving on cached foods — the energetics of
egg-caching by arctic foxes

V. Careau, J.-F. Giroux, G. Gauthier, and D. Berteaux

Abstract: Food-caching by arctic foxes (Vulpes lagopus (L., 1758)) is a behavioural adaptation thought to increase winter
survival, especially in bird colonies where a large number of eggs can be cached during a short nesting season. In this pa-
per, we measured the energy content of greater snow goose (Chen caerulescens atlantica Kennard, 1927) eggs and eval-
uated their perishability when cached in tundra soil for a whole summer. We estimated that eggs lost only ~8% of their
dry mass over 60 days of storage in the ground. We used published estimates on digestibility of nutrients by arctic foxes
to estimate that fresh and stored goose eggs contained 816 and 730 kJ of metabolizable energy, respectively, a difference
of 11%. Using information on arctic fox energetics, we evaluated that 145 stored eggs were required to sustain the growth
of one pup from the age of 1 to 3 months (nutritional independence). Moreover, 23 stored eggs were energetically equiva-
lent to the average fat deposit of an arctic fox during winter. Finally, we calculated that an adult arctic fox would need to
recover 160-220 stored eggs to survive 6 months in resting conditions during cold winter temperatures. This value in-
creased to 480 when considering activity cost. Based on egg acquisition and caching rates observed in many goose colo-
nies, we conclude that cached eggs represent an important source of energy relative to the needs of an arctic fox during
winter, and have thus a high fitness value.

Résumé : La mise en réserve de nourriture chez le renard arctique (Vulpes lagopus (L., 1758)) est une adaptation compor-
tementale largement soupgonnée d’augmenter la survie durant 1’hiver, plus particulierement dans les colonies d’oiseaux ou
un grand nombre d’ceufs peuvent étre cachés durant la courte saison de nidification. Nous avons mesuré le contenu énergé-
tique des oeufs de la grande oie des neiges (Chen caerulescens atlantica Kennard, 1927) et évalué leur périssabilité lors-
que entreposés dans le sol de la toundra durant tout un été. Les ceufs ont perdu seulement ~8 % de leur masse séche
durant 60 jours d’entreposage dans le sol. En utilisant des estimations de la digestibilité des nutriments par le renard arc-
tique tirées de la littérature, nous avons évalué que les ceufs d’oies frais et entreposés contiennent respectivement 816 et
730 kJ d’énergie métabolisable, une différence de 11 %. A I’aide de données sur le métabolisme du renard arctique, nous
avons évalué que 145 oeufs entreposés seraient requis pour soutenir la croissance d’un jeune renard entre ’age de 1 et

3 mois (I’indépendance alimentaire). De plus, 23 ceufs entreposés contiennent autant d’énergie que les réserves de gras
moyennes d’un renard durant I’hiver. Finalement, nous avons calculé que 160 a 220 oeufs entreposés seraient nécessaires
a la survie d’un renard pendant 6 mois aux températures froides d’hiver en condition de repos. Cette valeur augmente a
480 lorsqu’on considére les coiits de I’activité. A la lumiére des taux d’acquisition et d’entreposage d’ceufs observés dans
plusieurs colonies d’oies, nous concluons que les oeufs entreposés représentent une source d’énergie importante pour un
renard en hiver, compte tenu de ses besoins. Le comportement d’entreposage a donc une grande importance pour 1’aptitude
phénotypique des individus.

[Traduit par la Rédaction]

Introduction with food scarcity. In nonmigratory species, such situations
have led to evolution of specific morphological, physiologi-

Surviving winter is a great challenge for terrestrial home- cal, and behavioural adaptations aimed at storing energy
otherms living at high latitudes or altitudes because exten- before and saving energy during winter. For instance, arctic

sive heat loss owing to low temperatures is often associated terrestrial mammals increase their body insulation in winter,
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thereby reducing thermoregulatory costs when exposed to
cold ambient temperatures (7,). Animals can also adapt to
periods of food scarcity by storing energy in advance
through fat deposition and (or) hoarding behaviour (Scho-
lander 1955; Vander Wall 1990).

The arctic fox (Vulpes lagopus (L., 1758), also known as
Alopex lagopus (L., 1758)) must withstand a very large tem-
perature gradient (up to 90 °C) between T, and its core
body temperature (7},) during winter, and has thus devel-
oped sophisticated adaptations to cope with the severe con-
ditions of the High Arctic environment. Physiological
adaptations for energy conservation include a seasonal re-
duction of basal metabolic rate (BMR), T}, food intake, and
running cost, especially during famine periods (Fuglei
2000). Prestrud (1991) also suggested that fat deposition
and food-caching were important physiological and behav-
ioural adaptations of arctic foxes for surviving seasonal
shortages of food.

Bird eggs are an important food source for arctic foxes
(Chesemore 1968; Stickney 1991; Bantle and Alisauskas
1998; Kapel 1999). More specifically, goose eggs are par-
ticularly valuable because they are relatively large, rich in
fat, and often occur in dense patches (e.g., colonies). Egg
acquisition rate by arctic foxes in goose colonies can
reach 2.7-7.3 eggs-h™!, of which 80%-97% are cached
for later use (Stickney 1991; Samelius and Alisauskas
2000; Samelius 2006; Careau et al. 2008). Eggshell frag-
ments found in arctic fox scats provide evidence that egg
caches supply food during winter (Fay and Stephensen
1989; Prestrud 1992). Many authors suggested that accu-
mulation of cached eggs during summer enhance arctic
fox winter survival (Fay and Stephensen 1989; Stickney
1991; Prestrud 1992; Bantle and Alisauskas 1998; Same-
lius 2000). Recent isotope analysis showed that cached
eggs can be recovered and eaten up to 1 year after they
were acquired (Samelius et al. 2007). Although perishabil-
ity is a major factor influencing energy reward associated
with long-term hoarding (Vander Wall 1990; Hadj-Chikh
et al. 1996; Careau et al. 2007a), there is surprisingly no
estimate of egg perishability once stored in tundra soil.
Low temperatures of storage sites during the arctic
summer may slow down decomposition of cached eggs
until the soil freezes in fall, after which little or no de-
composition presumably occurs.

Herein, we investigate the energetic benefits associated
with egg-caching by arctic foxes. In a first step, we esti-
mated the energetic value of goose eggs. We measured fat,
protein, and energy contents of goose eggs and estimated
experimentally their perishability when stored in tundra soil.
In a second step, we used published estimates of arctic fox
physiological parameters to calculate the potential contribu-
tion of goose eggs to fox reproduction and winter survival.
Specifically, we estimated how many goose eggs (i) were
required to sustain the growth of one pup from the age of 1
to 3 months, after which it becomes nutritionally independ-
ent from its parents, (ii) are equivalent, in terms of energy
content, to the full body fat reserves of a fox in winter, and
(iii) were required to ensure survival throughout arctic win-
ter. This study is thus about the fitness value of a commonly
observed behaviour (food-caching) in a commonly observed
arctic predator (the arctic fox).
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Materials and methods

We conducted fieldwork on Bylot Island (72°53'N,
79°54'W), Nunavut, Canada, during summers 1989-1990
and 2004. This island is part of Sirmilik National Park and
is an important breeding site for greater snow geese (Chen
caerulescens atlantica Kennard, 1927) (Reed et al. 2002).
The core of the colony (highest nest density area) is located
in a mosaic of wet polygon fens surrounded by extensive
upland habitats (Tremblay et al. 1997). An automated
weather station located in the same type of habitat ~30 km
from the main goose colony recorded mean hourly 7, with
a shielded temperature probe at 2 m above ground from
1995 to 2002. Ground temperature (7,) was also recorded at
a depth of 10 cm below ground surface. Mean, minimum,
and maximum daily temperatures were calculated.

Egg collection

Egg collection is strictly limited in Canadian national
parks and this imposed strong constraints on our study de-
sign. In particular, we were required to keep sample sizes
and replicates to a minimum and make full use of existing
data. Measurements taken on fresh, cached, and stored eggs
(see definitions below) thus differed. Choini¢re and Gauthier
(1995) collected goose eggs at the beginning of incubation
(7-18 June 1989: n = 31; 9-17 June 1990: n = 27) and
measured their nutrient content to analyse goose parental in-
vestment. We now use their data in a new context. Because
these eggs were heated in water at 85 °C for 90 min imme-
diately after collection and kept frozen until analysis, we
considered them “fresh” eggs.

On 18 June 2004, at the onset of the incubation period,
we collected 20 goose eggs and buried them randomly
throughout the study area in upland (mesic) and polygon
fen (humid) habitats. We simulated the caching behaviour
of fox by placing eggs in excavated holes and covering
them with 2-3 cm of mosses and vegetation. Soil tempera-
ture has been monitored on Bylot Island since 1993. The
warmest monthly mean occurs in July and is 2.8 °C at a
depth of 10 cm (Gagnon et al. 2004). Eggs were recovered
on 17 August (after 60 days of storage), kept in a cooler,
and sent to the laboratory where they were frozen on 23 Au-
gust. Sample size was reduced from 20 to 16 because of ac-
cidental losses. Hereafter, we refer to the 20 eggs cached on
18 June as “cached” eggs and to the 16 eggs recovered on
17 August as “stored” eggs.

Egg content analysis

All eggs were weighed upon collection in the nest (wet
mass). Using a relationship between egg density (g-cm™)
and incubation stage (Choiniere and Gauthier 1995), we cal-
culated that fresh and cached eggs had been incubated for a
mean (SD) of 3 £ 3 and 1 + 1 days, respectively. In the lab-
oratory, fresh and stored eggs were thawed at 5 °C and
shells (with membranes) were discarded and not considered
in egg composition, as they contain no energy. Behavioural
observations confirmed that foxes never consumed the entire
egg shells, although they might ingest some small fragments
(V. Careau, personal observation). All eggs were freeze-
dried in the laboratory to measure dry mass. We determined
the fat content of fresh eggs from a homogenate of the yolk
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using a Rafatec apparatus (Randall 1974) with petroleum
ether as the solvent. Fat content of stored eggs was deter-
mined using the same apparatus and solvent, but from a
homogenate of whole egg rather than from a homogenate of
the yolk. The use of different protocols owing to the require-
ment of using existing data should not bias the results be-
cause the entire fat content of eggs is found in the yolk
(Rohwer 1986). We measured ash content of stored eggs by
incinerating a subsample in a muffle furnace at 550 °C for
6 h and weighing the ash residue (for additional details on
the method see Gauthier et al. 1992). The protein mass was
then determined by subtracting fat and ash masses from the
whole egg dry mass. Because Choinieére and Gauthier (1995)
did not measure the ash content of fresh eggs, we subtracted
the mean ash mass determined in stored eggs from the total
fat-free dry mass of individual fresh eggs. We assumed that
ash content did not change over time and was the same in
fresh and stored eggs. Although these two assumptions may
not be entirely correct, we believe that ignoring completely
ash content in both types of eggs would have been a more
serious source of bias.

Bioenergetics modeling

We calculated the potential contribution of goose eggs to
the energy needs by arctic foxes using published estimates
of nutrient digestibility (Ahlstrgm et al. 2003), fat and pro-
tein oxidation (Tauson et al. 2002), energy demand during
growth (Frafjord 1994), fat deposition (Prestrud and Nilssen
1992; Prestrud and Pond 2003), BMR, and lower critical
temperature (7}.) (Scholander et al. 1950; Fuglesteg et al.
2006). In the literature, we found six BMR values for arctic
fox (Fig. 1). After accounting for differences in body
masses, the estimates provided by Scholander et al. (1950)
and Fuglesteg et al. (2006) represent maximal and minimal
values, respectively. We used these two estimates (standar-
dized to a mean body mass of 3.5 kg) in our calculations to
provide a range of estimates regarding the potential contri-
bution of goose eggs to the winter energy needs of arctic
fox. Because fat and protein digestibility of arctic and farm-
raised blue foxes (Vulpes lagopus (L., 1758), also known as
Alopex lagopus (L., 1758)) are similar (Ahlstrgm et al.
2003), we used digestibility values reported for blue foxes.
In fat- and protein-rich tissues such as goose eggs, fat and
protein digestibility are 96% and 88% in blue fox, respec-
tively (Ahlstrgm and Skrede 1995, 1998). We used 39.8 and
18.8 kJ-g~! of metabolizable fat and protein, respectively, as
conversion factors to estimate the caloric content of eggs
(Enggaard Hansen et al. 1991, cited in Ahlstrgm et al.
2003).

Statistical analyses

We performed ANOVA with Tukey’s post hoc procedure
to test for differences in dry and wet masses between eggs
collected in 1989, 1990, and 2004. Using the relationship
between wet and dry masses of fresh eggs, we estimated the
dry mass of cached eggs and compared it with the measured
dry mass of stored eggs. We attributed the difference to the
effect of storage. We compared fat content (% of dry mass)
and mass-specific energy content (kJ-g~!) between fresh
(pooled 1989-1990) and stored eggs using Welch ANOVA
to test the null hypothesis that means were equal while al-
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Fig. 1. Basal metabolic rate in arctic fox (Vulpes lagopus) as a
function of body mass and source of data.
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lowing variances to differ as the Brown—Forsythe test indi-
cated unequal variances. We used the JMP version 5.0.1
statistical software (SAS Institute Inc., Cary, North Caro-
lina) and always report values as means + SD.

Results

Wet and dry masses of eggs

Wet mass of eggs at collection did not differ significantly
among years (Fjp7;) = 0.87, P = 0.42; Fig. 2a). Dry mass of
fresh eggs was not significantly different between 1989 and
1990, but dry mass of stored eggs was significantly lower
than that of fresh eggs (Fjp71; = 10.60, P < 0.001; Fig. 2b).
Dry mass of fresh eggs can be predicted from their wet mass
(Fo.56) = 169.98; dry mass = 5.17 + 0.22(wet mass); 12> =
0.75, P < 0.0001; Fig. 2¢). Using this equation, we predicted
dry mass of cached eggs (Fig. 2d, left bar) and compared it
with measured dry mass of stored eggs (Fig. 2d, right bar).
Dry mass of stored eggs was 8% lower than the predicted
dry mass of cached eggs (paired ¢ test: f;5) = 6.43, P <
0.001). We attributed this 8% difference to a loss of dry
mass during the 60-day storage period.

Fat, protein, and caloric contents of eggs

Fat proportion (%) was not significantly different between
fresh (1989-1990 pooled) and stored (fresh: 44.8% + 1.9%,
n = 58; stored: 43.8% + 3.0%, n = 16; Welch ANOVA:
gss) = 1.31, P = 0.21) eggs. Mean ash and protein propor-
tions of stored eggs were 4.8% + 1.3% and 51.3% + 3.7%,
respectively. Using the mean ash proportion determined in
stored eggs, the protein proportion of fresh eggs was thus
50.4% =+ 1.9%. These values, combined to the dry masses
of fresh (31.97 = 2.32 g) and stored (28.92 + 2.38 g) eggs
(see Fig. 2b), indicate that mean fat and protein contents of
fresh eggs were 14.4 + 1.3 g and 16.1 = 1.2 g, respectively,
while fat and protein contents of stored eggs were 12.7 + 1.2
and 14.8 = 1.6 g, respectively.

Mass-specific caloric content (kJ-g-!) was not signifi-
cantly different between fresh (27.3 + 0.4 kJ-g!) and stored
(27.1 £ 0.6 kJ-g!) eggs (Welch ANOVA: f564) = 1.36, P =
0.19). The total mean caloric content of fresh and stored
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Fig. 2. Wet (a) and dry (b) masses of greater snow goose (Chen caerulescens atlantica) eggs collected during early incubation on Bylot
Island, Nunavut, Canada, during 1989, 1990, and 2004. Wet mass of all eggs was measured in the field at collection (1989 and 1990) and
prior to being cached (2004-C). Dry mass of eggs was measured while they were fresh (boiled eggs, 1989 and 1990) or after they had been
stored in the tundra ground for 60 days (2004-S). Means with different letters differ significantly (P < 0.05, Tukey’s post hoc test) and
numbers in parentheses show sample size. Data are presented as box plots with the median (line within the box), mean (broken line), 25th
and 75th percentiles (box), and the 10th and 90th percentiles (bars). Using the regression equation between dry and wet masses of fresh eggs
(c), we predicted initial dry mass of stored eggs from their wet mass when they were cached and compared these with their measured dry

mass after a storage period of 60 days (d).
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eggs were 873 + 68 kJ (range 730-1016 kJ) and 783 + 61 kJ
(range 686-878 kl), respectively (f75; = 4.81, P < 0.001).
Since fat- and mass-specific caloric contents were very sim-
ilar between fresh and stored eggs, the reduction of 10% in
total caloric content of stored eggs corresponded to the re-
duction in total dry mass during storage.

Bioenergetics modeling

We estimated the mean digestible content of fresh goose
eggs at 13.8 g fat (144 g x 96%) and 14.2 g protein
(16.1 g x 88%). Therefore, the metabolizable energy (ME)
of fresh eggs was 816 kJ, i.e., (13.8 g x 39.8 kJ-g-! fat) +
(14.2 g x 18.8 kJ-g™! protein). Using the same calculations,
ME of stored eggs was estimated at 730 kJ (11% lower than
fresh eggs). Frafjord (1994) caught four 25-day-olds, wild-
born arctic fox pups at their emergence from the den
(0.5 kg) and monitored their food intake in outdoor cages.
Pups consumed 1112 kJ-kg-'-day~! and grew 34 g-day~! until
they reached 95 days of age (2.6 kg), that is the age of nutri-
tional independence from their parents (Audet et al. 2002).
Thus, 106 107 kJ are required to sustain the energy demand
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of a growing pup from emergence to independence, which
corresponds to 130 fresh eggs or 145 stored eggs.

In arctic foxes, fat is deposited both subcutaneously and
viscerally (ranging from 0% to 20% of skinned carcasses)
and the mean fat reserve of a 3.5 kg individual during
November and December approximates an energy storage
of 14740 kJ (Prestrud and Nilssen 1992). We estimated that
this fat reserve was equivalent to only 20-23 fresh or 23-25
stored eggs. This was obtained by using 90%-95% and
60%-70% efficiency for conversion of egg fat and egg pro-
tein into deposited fat, respectively (Tauson et al. 2002).

Because no estimate of field metabolic rate (FMR) is cur-
rently available for arctic foxes, we used eq. 1 in Nagy et al.
(1999) to predict energy requirements of a free-ranging
mammal of 3.5 kg. This yielded a FMR of 1925 kJ-day!,
which represents 350350 kJ if sustained during 6 months,
an amount of energy equivalent to 429 fresh or 480 stored
eggs. However, FMRs of free-ranging mammals vary widely
among and within species and for arctic foxes, the upper and
lower 95% confidence intervals for FMR are 5140 and
721 kJ-day~!, respectively.
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Contrary to FMR, several measures of BMR have been
taken on arctic foxes of different body size (Fig. 1). To
ease comparisons among studies and to provide realistic
estimates for wild animals, we standardized BMR values
for an average-sized fox of 3.5 kg. The lowest BMR value
ever reported in arctic fox is 471 kJ-day™' (corrected to
3.5 kg) associated with a 7). of =7 °C (Fuglesteg et al.
2006). Below -7 °C, metabolic rate (MR) increases follow-
ing the relationship MR = -8.76T7, + 408 until —40 °C.
Based on this equation and on the daily mean T, recorded
on Bylot Island over 8 years (Fig. 3), a fox in resting condi-
tions would need 143 fresh or 160 stored eggs to meet the
expense of thermoregulation from early October to early
April (6 months in resting conditions). However, the low
BMR and high 7. reported by Fuglesteg et al. (2006) clearly
depart from previous measurements in winter acclimatised
arctic foxes. For example, Scholander et al. (1950) reported
a BMR of 883 kJ-day! (corrected to 3.5 kg) that was
constant from -7 to —40 °C, whereas Fuglei and Orits-
land (1999) reported a BMR of 735 kJ-day~' (corrected
to 3.5 kg). Using 883 kJ-day! as the MR level required
to maintain 7}, constant over a temperature range of —7
to —40 °C, 197 fresh eggs or 220 stored eggs would be re-
quired to survive 6 months in resting conditions.

Discussion

Ecological significance of stored eggs

Our experiment suggests that once stored in tundra soil
for a whole summer, eggs lose no more than 10% of their
dry mass and energy content. This loss may be real and due
to for instance bacterial activity, or only apparent due to our
constrained experimental design (fresh eggs were boiled,
whereas stored eggs were not). A 10% loss of energetic con-
tent is thus probably a maximum value for eggs stored in the
cold tundra soil during a full summer, and our estimates of
the energetic value of stored eggs are likely conservative.

Behavioural observations of foraging arctic foxes have
been conducted in many goose colonies. Samelius and Ali-
sauskas (2000) estimated from a mean egg acquisition rate
of 4.2-7.3 eggs-h! that a single fox could acquire up to
900-1500 eggs per summer in a snow goose colony, of
which 97% were cached. In a Black brant (Branta bernicla
nigricans (Lawrence, 1846)) colony at Kokechick Bay, egg
acquisition rate by foxes was 3.5 eggs-h!, of which 80%
were cached (Stickney 1991). On Bylot Island, mean egg ac-
quisition rate was 3.8 eggs-h~!, of which 87% were cached
(Careau et al. 2008). Using the method of Samelius and
Alisauskas (2000) based on 8 h of foraging per day and a
nesting season of 27 days, an average-sized fox would cache
605 eggs in Kokechick Bay and 714 eggs on Bylot Island.
These estimates along with our bioenergetic calculations
indicate that cached eggs can represent an extremely impor-
tant source of energy relative to the needs of an arctic fox
during winter, as 500 eggs correspond to >40 times the full
body fat reserves of a fox, or 2-3 times the thermoregula-
tory costs of a resting fox during the 6 coldest months of
the year. Five hundred eggs also correspond roughly to the
energetic needs of a free-ranging fox during the 6 coldest
months, based on estimates of field metabolic rate derived
from Nagy et al. (1999).
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Fig. 3. Mean daily ambient (7,) and ground (7g; 10 cm below sur-
face) temperatures recorded on Bylot Island, Nunavut, Canada,
averaged over 8 years (1995-2002). Dotted lines indicate the mean
of daily minimum and maximum values for T,.
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Considering that 145 eggs are theoretically required to
feed a single pup throughout its growth to independence
and that arctic foxes have the largest litter size in the order
Carnivora (up to 16 or 18 pups; Tannerfeldt and Angerbjorn
1998), it is unlikely that they can solely rely on eggs to sus-
tain high reproductive output. However, individuals supple-
mented with stored eggs during winter and spring may
realise higher reproductive output during the next breeding
season (Angerbjorn et al. 1991). Long-term hoarding of
eggs by arctic foxes seems common, as some eggs stored
during summer are recovered in the next spring prior to re-
production (Stickney 1991; Samelius et al. 2007; V. Careau,
unpublished data). In this case, stored eggs should have an
overall positive effect on reproductive output.

Fat deposition is important for winter survival because
body fat increases insulation when chill factor is high and
constitutes an onboard fuel reserve when searching for other
food sources or waiting for favourable foraging conditions.
Prestrud (1991) pointed out that a cache containing 10 little
auks (Alle alle (L., 1758)) and 4 thick-billed murres
(Uria lomvia (L., 1758)) represents an energy storage equiv-
alent to the mean fat deposits in a fox. The same amount of
energy is contained in ~25 stored eggs of greater snow
geese, which a fox can hoard in only a few hours of forag-
ing and caching. Consequently, we agree with Prestrud
(1991) that food-caching may have a high survival value for
arctic foxes.

Factors limiting the benefit of cached eggs

Arctic foxes forage on goose eggs throughout the nesting
season, while digestibility of eggs decreases with time as
embryos develop their bones and feathers. One may there-
fore suggest that foxes need more eggs than we estimated
to meet the various demands that we have analyzed. How-
ever, acquisition and caching rates of eggs by foxes are
much higher during the laying and early-incubation periods
than during the late-incubation and hatching periods (Careau
et al. 2008), because nest attentiveness and defence by fe-
male greater snow geese increases as incubation progresses.
Observations of arctic foxes foraging in another goose
colony on Banks Island also indicated that egg acquisition
rate decreased, although marginally, throughout incubation
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(Samelius and Alisauskas 2000). However, these authors did
not include the laying period in their study and we have
shown that egg acquisition by foxes was 5 times higher dur-
ing laying than later in the incubation period (Careau et al.
2008). Arctic foxes are therefore constrained to select the
best quality eggs for storage and later use. This strongly re-
duces the potential biases that embryo development could
introduce in our estimations.

One could also argue that many caches may never be re-
covered because they are forgotten or pilfered. However, be-
havioural mechanisms such as egg re-caching have evolved
to reduce such loss (Carecau et al. 2007a). This behaviour
probably increases memory of cache locations and reduces
pilfering (DeGange et al. 1989). Extensive behavioural ob-
servations in our study area indicated that cache pilfering
by other predators such as common ravens (Corvus corax
L., 1758) is rare (Careau et al. 2007b). Other factors may
limit the benefit of cached eggs, such as deep snow cover
and thick ice layers that may prohibit access to some stored
food. Many analyses of stomach contents and scats, how-
ever, indicated that arctic foxes can recover cached food
during winter (Frafjord 1993). Observations on red foxes
(Vulpes vulpes (L., 1758)) (Sklepkovych and Montevecchi
1996) and arctic foxes (Frafjord 1993) clearly indicate that
they are able to locate cached food through a deep layer of
snow and recover it even when the ground is frozen. On
Bylot Island, we found indirect evidence that some stored
eggs had been recovered and eaten while frozen in the
ground. In such case, the fox uncovered the egg, bit a hole
in it, and ate its content while the lower part of the shell re-
mained fastened in the frozen ground.

Conclusions

This paper presents a first quantitative look into egg-
caching by arctic foxes from an energetic perspective. Col-
lecting new data in the field and bridging the literature on
arctic fox physiology and behaviour enabled us to demon-
strate that hoarding can be a very profitable strategy for
capitalizing on brief periods of resource pulses such as
goose eggs (Careau et al. 2008). Our study is largely per-
fectible because we faced uncertainties while going through
the many steps leading to estimations of the fitness value
of egg-caching. For example, no measure of FMR is avail-
able for arctic foxes in winter and we had to rely on pub-
lished regressions between body mass and FMR. Yet arctic
foxes are known to reduce their winter energy expenditures
by entering into metabolic depression, especially during
famine periods when increased heat production is not re-
quired for thermoregulation (Fuglei and Oritsland 1999).
This shows how the fitness value of an amazing behaviour,
consisting in caching hundreds of eggs and eating them
several months later in one of the harshest terrestrial envi-
ronments, still needs work to be fully understood.
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