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IN THE INCUBATING FEMALE COMMON EIDER

SOMATERIA MOLLISSIMA

FRAN~OIS CRISCUOLOI, MICHEL GAUTHIER-CLERCI, YVON LE MAHO',
THIERRY ZORN' & GEIR WING GABRIELSEN2

Criscuolo F., M. Gauthier-Clerc, Y. Le Maho, T. Zorn & G.W. Gabrielsen
2001 . Sleep changes during long-term fasting in the incubating female
Common Eider Somateria rreollissima . Ardea 89(3) : 441-448 .

In the present study we have made observations of eye closure duration of
Common Eider Somateria mollissima in the field, to determine the amount
of time devoted to sleep during the incubation period, both in breeding and
non-breeding females. Breeding females started to incubate with a higher
level of vigilance than non-breeding females, and increased progressively
the duration of sleep over the course of incubation. At the end of the incu-
bation period, breeding females reached a sleep time comparable to that of
the non-breeding females . The data are in accordance with the hypothesis
that sleep time could be modified in relation to the deterioration of body
condition . Accordingly, we suggest that sleep might play a key role in sav-
ing energy when the birds experience a prolonged negative energy balance .
Consequently, since female eiders can be threatened by terrestrial predators
during incubation, they would therefore have to found a compromis e

---- between energy conservation while sleeping and maintenance of a thresh-
old vigilance. Incubating female eiders could thus face conflicting priorities

y í , during incubation : that is sleeping to save energy and wakefulness for
predator detection
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INTRODUCTION and thus can be involved in reducing energy
expenditure during fasting. In the Common Eider

Reduced energy expenditure allows animals to Somateria mollissima, the female assumes the
cope with a long-term fast (Cherel et al. 1988a; total responsibility of incubation for more than
Boismenu et al. 1992) . Several processes have three weeks of prolonged fasting . Consequently
been described that facilitate this regulation, such female eiders undergo a large and costly decrease
as reduced locomotor activity (Stokkan et al. of their body nutrient reserves (Korschgen 1977 ;
1986), decrease body temperature or heat produc- Parker & Holm 1990 ; Gabrielsen et al. 1991) . Dur-

tion (Underwood et al. 1999 ; MacLeod et al. 1993 ; ing this period, the female remains motionless on
Carpenter & Hixon 1988) and behavioural adapta- the nest, limiting her behaviour to sleep and vigi-
tions (Le Maho 1977 ; Ancel et al. 1997) . Sleep can lance, therefore enabling her to show a nest atten-
be considered as an energy-saving process (Alli- dance of 99 .9% (Mehlum 1991a) . In many bird

son & Van TWyver 1970; Berger & Phillips 1995), species, the alternation of periods between eye
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closure and short periods of eye-opening is refer- chicks after the hatching period (23 observations),
red to as vigilant sleep, during which they scan i .e . young females, adults unsuccessful at repro-
their surroundings (Amlaner & Ball 1994) . Elec- duction or brood abandonners just after hatching
trophysiological studies also show that the open (Schmutz et al. 1982) .
and closed eye states can be used in field experi- During the breeding period, about 3000 pairs
ments to assess sleep in birds (Amlaner & McFar- of eider ducks are usually found nesting in
land 1981 ; Amlaner et al. 1985; Ayala-Guerrero et Kongsfjord (Mehlum 1991b) . Most of them are on
al. 1988 ; Rattenborg et al . 1999) . When the eyes small islands protected from mammal predators,
are closed, electroencephalographic (EEG) mainly the Arctic Fox Alopex lagopus (Mehlum
recordings show quiet and/or deep sleep . Using 1991a) . However, some female eiders nest each
eyelid closure as a behavioural measure of sleep year on the mainland inside the area of the
in the present study, we could therefore investi- Research Station (a total of 80 females during the
gate the changes in sleep patterns in female Com- summer of 1999) . The nests used in this study
mon Eiders during the 24-26 days of their incuba- were localised in the town, generally close to a
tion fast. house. The benefit to the birds seems to be an

effective protection against the Arctic Fox becau-
se of human presence, and from avian predators

METHODS by the neighbouring nesting Arctic Terns Sterna
paradisaea. Under these particular breeding con-

The field work was carried out close to the Nor- ditions, eider nest density in town was lower, with
wegian Polar Institute Research Station in Ny- approximately 80 nests per square kilometre,
Alesund, on the western coast of Spitzbergen, compared to the nest density on the islands (Park-
Svalbard (78.55°N). From June 1 to July 17, er & Mehlum 1991), thus reducing social interac-
1999, we collected behavioural data from incubat- tions among incubating birds . Consequently, the
ing female Common Eiders (n = 15) . Incubating breeding characteristics of these females were
females were observed from a blind using a 20x appropriate for a study of the changes in sleep
telescope to reduce human disturbance . First, the time induced by fasting, since these changes were
sleeping posture was noted (described by Amlan- not obscured by variations in the intensity of
er & Ball 1994) . The most frequently observed social interactions or of predation pressure . Any
postures in female eiders were back sleep (with human effect on the birds is assumed to be weak,
the bill tucked under the scapular feathers) and both because of the unstressful nature of the birds
front sleep (with the bill pointing forward) . Eye nesting in the station and the precautionary meas-
closure duration was recorded during focal indi- ures well-followed by the local inhabitants . More-
vidual 2 min observation periods with a manual over, recordings of sleep time were interrupted in
timer and a tape recorder (± 0 .5 sec) . We try to case of human disturbance, and the current obser-
record the sleep time twice a day for each bird, vation not taken into account .
depending on the presence of the bird on the nest . The duration of eye closure of non-breeding
Left or right eye was randomly selected, thus females was observed, both during the pre-incu-
reducing the influence of unihemispheric sleep, bating phase (females accompanied with males,
which was not studied here (Rattenborg et al . 40 observations) and the hatching period (females
1999) . As reference for sleep observation we used without young during the main period of hatching
two categories of non-breeding Rocks of females of eider ducklings, 23 observations), hereafter
of at least ten individuals resting on the mainland referred to Reference Group 1 and Reference
(not on water) close to the human settlement : (1) Group 2, respectively. A total of 369 observations
females congregated with males before the laying of 15 wild female eiders was made during the 27
period (40 observations), and (2) females without days of incubation (Fig . 1) . Because of exception-
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ally bad weather conditions in June, hatching suc- RESULTS
cess (already naturally low in Common Eiders )
was consequently lowered, even for birds nesting During the breeding period, eiders were submitted
in Ny-Alesund. More than half of our females (n to the natural continuous 24 h light of the high
= 8) deserted their nests before the end of incuba- arctic summer and no indication of a correlation
tion. Thus, to study the significance of the chang- was found between the hour at which our 2 min
es in sleep time during the incubation fast, only observations were made and the recorded sleep
successfully reproducing females were retained time (Fig . la) . This result accords with previous
(Fig. 3, n = 7). data indicating that female eiders seem not to

For the statistical analysis, we used a non-par- show any circadian periodicity of activity i .e.
ametric Mann-Whitney U test for comparison of recess events, during incubation (Mehlum 1991a ;
eye closure duration among reference groups and Criscuolo et al . unpublished data) . However, sin-
breeding females because we did not have an ce no observations were done between 22 :00 and
equality of the variances in this case . Eye closure 08 :00, we cannot conclude on the periodicity of
durations of breeding females (n = 7) are com- activity, particularly on the fact that eiders nesting
pared in Fig . 3 among three periods of incubation: in the town may model their behaviour on human
early (days 3-9), middle (days 10-15) and late one. Despite variable weather conditions during
(days 16-22) . After testing normality conditions, the two months of the study (mostly rainy in June
this analysis was performed by a two-factor and sunny in July) and differences in laying date,
ANOVA (incubation period and individual) . The all the females showed an increase of time spent
proportion of the back sleep posture in breeding sleeping. Again, we did not found any indication
females among the three periods of incubation of a correlation between ambient temperature and
was assessed with an ANOVA for repeated data sleep duration (Fig . lb).
after arcsine transformation, followed by post- Females of Reference Groups 1 and 2 showed
ANOVA Tukey tests . Values are means ± SE. a 100% proportion of back sleep posture both

This study was approved by the Norwegian before and after the incubation period . Incubating
Ethical Committee, the Norwegian Polar Institute females clearly presented the front sleep posture

and the Governor of Svalbard . more frequently (81 .4% of the observed sleep
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Fig . 1. Plots of eye closure duration and time of day at which the observations were made (left ; n = 88)
and the mean ambient temperature (°C) when the observations were made (right ; n = 86).
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Table 1. Number and percentages of front sleep (FS) and back sleep (BS) postures seen in 2 min
obse rvations during three periods of incubation for the seven female eiders that successfully completed
their breeding period.

Days into incubation

Bird 0-9 10-18 19-27
FS BS FS BS FS BS

Femalel 11 1 12 1 3 1
Female2 11 2 12 3 6 3
Female4 7 4 9 0 8 6
Female5 9 3 11 2 6 2
Female9 10 2 11 3 7 2
FemalelO 8 0 9 1 6 2
Femalell 7 1 8 1 8 1

82.9% 17.1% 86.7% 13.3% 72.1% 27.9%

120 end of their incubation fast (19-27 days, Tukey
' test, n = 7, T = -2.760, P = 0 .045) . Thus, incubat-

ó ioo ing female eiders tend to adopt the back sleep pos-
turea T 1T t T ture as the incubation proceeded, even if this pro

o,•ó 80 T 1 ~ j 7 T 7 I I portion only increases from 15 .1% to 27 .9% (see
m Z 1T T~1 117 1 1 Table 1).
y~ 60 j r 1 I The progressive increase in the eye closure
0 TI duration of all the reproductive females (n = 15)

y
E 40 ~ observed over the incubation period is presented

EL 20 in Fig. 2. Incubating females showed a sleep time
7M
•3 late in the incubation period almost twice as long

as they did early in the period . Sleep duration of
~0 5 10 15 20 25 non-reproductive females (Fig . 3) was significant-

day of incubation ly different between the periods of egg-laying
(Reference Group 1, 105.2 ± 13 .0 sec, n = 40) and

Fig . 2 . Relationship between total eye closure hatching (Reference Group 2, 96.3 ± 15 .5 sec, n =
duration during 2 min observarion pe riods and 23, Mann-Whitney U test : U = 1447.5, P = 0 .02) .
the day into incubation, all data pooled (n = 15) . Successful incubating females slept less at the
Values are means ± SE. Each point comprises start of incubation (days 3-9, 69.9 ± 31 .9 sec, n =
between 2 and 14 observations. 7) than non-reproductive females of Reference

Group 1 (105 .2 ± 13 .0 sec, n = 40, Mann-Whitney
U test : U = 797.0, P = 0 .001) . In contrast, time

postures, see Table 1) . However, the frequency of spent sleeping was not significantly different at

the sleep posture changed du ring incubation the end of incubation (days 16-22) compared to
(ANOVA, n = 7, F = 5 .08, P = 0 .025) . Females the sleep time of Reference Group 2 (respectively
adopted more often the back sleep posture at the 93 .0 ± 22.9 sec and 96 .3 ± 15 .5 sec, Mann-Whit-
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120 69.9 ± 31.9 sec, n= 7, and 93 .0 ± 22.9 sec, n = 7

ó a c (Fig. 3), respectively.
-a m 100 °m Q bcA

c b

~ i
80- T. DISCUSSION

m y 6 0
N~ In the present study,-we found a progressive incre-
y@ 40 ase of the eye closure duration of female eiders on
É L 20 the nest during the incubation fast, accompanied

by changes of the sleeping posture, back sleep

0 posture being more frequent in the last part of
non-breeding 3-9 10-15 16-22 non-breedin g
female during incubation days female during incubation . EEG studies have already shown the

pre-pérnódting hatching period correspondence between eye closure and quiet

and/or deep sleep in birds (Amlaner & Ball 1994) ,

Fig. 3
. Changes of total sleep time during the thus suggesting that we observed an increase in

reproduction period of female Common Eiders
. sleep time in wild eiders during their incubation

Non-breeding females are also represented both fast.

during the laying period (reference group 1 in the Studies of birds in captivity have shown the
text, n =

40) and during the hatching period (refer- relationship between food restriction and sleep,

ence group 2 in the text, n- 23)
. Observations leading to the conclusion that fasting birds increa-

during incubation were made on the same group se their time spent sleeping
. In domestic geese,

of nesting females (n = 7)
. Bars with different let- another bird of the family anatidae, there was

ter represent significantly different values (for test found a comparably increasing pattern of slee
p

duration during a forced fast (Dewasmes et al.
statistics see Results section). Values are means ±
SE.

Sleep changes were concomitant with a
.

specific daily change in body mass which was
used to define the three typical phases of fasting

ney U test : U = 733 .0, nl = 7, n2 = 23, n.s .) . (Le Maho et al . 1981 ; Cherel et al. 1988a) . It is

According to these observations, incubating interesting to note that the longest phase of energy
female eiders started the incubation with a high sparing (the so-called phase II) coincides with an
rate of vigilance, but these females progressively increase of time spent sleeping . This agrees with
reached a sleep time close to that of the non- our data since the female eiders were also in pha-
breeding females at the end of incubation . se II of fasting prior to egg hatching (Criscuolo et

A two-factor ANOVA model simultaneously al . unpublished data) .
considered the influence of incubation period and Since male eiders have a contrasted black-
incubating individual birds on eye closure dura- and-white plumage, and since they play a role in
tion for successful incubating females (n = 7) . the defence of their nest during early incubation

Changes in eye closure duration were influenced by misleading terrestrial predators away from the
by individual variations (F6 97 = 3 .82, P = 0 .002) . nest (Ferens 1962), they display a high level of

However, the seven females showed a compar- vigilance . Thus, because males were present in
able increase of the time spent sleeping, since we female flocks during egg-laying but not during
detected a significant effect of the incubating hatching, non-incubating female eiders could

period (F2 97 = 5 .58, P = 0.006) . Moreover, there spend more time sleeping while males scan the
was a significant increase between early and late environment. The `many eyes hypothesis' sug-

incubation (Takey test, T = 3.309, P = 0.004), gests that sleep time increases with group size,
with incubating females showing a sleep time of when individuals devote less time scanning their
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environment (Pulliam 1973) . This may explain bating eiders exhibited more frequently the front
why we observed isolated females initiating incu- sleep posture, which may preserve a threshold
bation to have a greater vigilance and not show a level of alertness (Amlaner & Ball 1983; Schmutz
comparable level of sleep time as females in a et al. 1983), could be the result of such a trade-off .
group before breeding. Nevertheless, female However, when reaching the last week of incuba-
eiders increased their sleep time while incubating tion the rate of back sleep posture increased thus
even if they were isolated . Dewasmes et al. (1989) suggesting that, at this time, the birds may have to
suggested that Emperor Penguins Aptenodytes limit their energy expenditure.
forsteri change the level of vigilance at the expen- In conclusion, following Elgar (1989) who
se of wakefulness since they have no predators emphasised potentially confounding variables in
when ashore. However, that is not the case of studies of vigilance, we suggest that vigilance
eiders, because a female can be easily attacked by may vary in parallel with body condition and that
both Arctic Fox and Great Skua (pers . obs .) . it is thus state-dependent (McNamara & Houston
Which factor(s) could therefore induce the incre- 1996) . In this context, where energy saving can be
ased time spent sleeping in incubating eiders7 crucial both for breeding success and adult sur-
Since sleep has been shown to lower the metabol- vival, the increase in periods of sleep in incubat-
ic rate, one of the factors could be the saving of ing female eiders furnishes a new element of ener-
energy (Graf et al . 1989 ; Berger & Phillips 1995) . gy conservation for a wild duck facing a sponta-
Similarly to our study, in ducks wintering in neous long-term fast during incubation .
Camargue and experiencing food restriction
under natural conditions, the birds subject to th e
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SAMENVATTING kan worden aangepast aan een verslechterende
lichaamsconditie (broedende wijfjes vasten totdat zij

Door het registreren van de tijd dat Eidereenden Soma- met de kuikens het nest verlaten) . De auteurs vermoe-

teria mollissima in het veld de ogen gesloten houden, den dat het slapen belangrijk is bij het sparen van ener-

werd gemeten hoeveel tijd deze vogels aan slaap beste- gie in tijden van een steeds verder teruglopende ener-
den tijdens het broedseizoen. Tijdens het onderzoek giebalans . Omdat broedende wijfjes of hun nesten

werden zowel broedende als niet-broedende wijfjes gemakkelijk ten prooi kunnen vallen aan predatoren op
gevolgd . Broedende wijfjes waren in het begin veel het land, zullen zij een evenwicht moeten vinden tussen

waakzamer dan niet-broedende wijfjes, maar in de loop het sparen van energie (slapen) en een zeker minimum-

van de broedtijd werd steeds vaker en langer geslapen. niveau van oplettendheid. (CJC)

Tegen de tijd dat de eieren moesten uitkomen, besteed-
den broedvogels echter een met niet-broedvogels ver-
gelijkbare hoeveelheid tijd aan slapen . De gegevens Received 25 May 2000, accepted 26 March 2001
ondersteunen de hypothese dat de hoeveelheid slaap Corresponding editor Kees (CJ.) Camphuysen
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