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INCUBATION BEHAVIOUR OF COMMON EIDERS Somateria mollissima IN
THE CENTRAL BALTIC: NEST ATTENDANCE AND LOSS IN BODY MASS

Valilno vedenje gag Somateria mollissima v Osrednjem Baltiku: prisotnost na gnezdu in

izguba telesne mase
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Here we present the recording of body mass change and weight loss during
incubation ina Common Eider Somateria mollissima colony at Christianse
in the Central Baltic (55°19’N 15°11’E). The study was conducted during
April and May 2015 and a total number of four birds were followed (two
were lost due to predation and three due to power outages). Body mass and
nesting behaviour was recorded electronically over a period of 26-27 days
using automatic poultry scales and a surveillance video camera. During
incubation, the eiders underwent a 28-37% loss in body mass and left the
nest on average 13 times (range: 7-17 times) for a period of 7-70 min. In
general, birds with high initial body mass left their nest for a shorter total
time than birds with lower initial body mass. The recorded daily changes
in body mass indicate that the eiders foraged during the incubation period,
not just leaving the nest for rehydration or in response to disturbance,
which improve our current understanding of cider incubation behaviour.
Such information is important to fully understanding of eider breeding
biology in order to better conserve and manage the species during its
breeding seasons where individual birds undergo extreme stress that may
affect reproductive outcome and adult survival.

Keywords: camera, nest, hydrating, feeding, foraging, recess behaviour
Klju¢ne besede: kamera, gnezdo, hidracija, prehranjevanje, iskanje
hrane, vedenje med odsotnostjo z gnezda
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1. Introduction

Common Eiders Somateria molissima are colonial
breeders with females exhibiting a high degree of
philopatry (CHOATE 1966, CLARK 1968, MILNE
1974, WAKELEY & MENDALL 1976). Initially, the
male accompanies the female, defendingits mate for
fertilization assurance, but as incubation progresses
the male loses interest in the female (BLUMPTON er
al. 1988, HARIO & HOLMEN 2004, MILNE 1974).
Eider clutches average 4 to 5 eggs in Danish and
Finnish eider colonies and the eggs hatch after
approx. 26 days of incubation (BREGNBALLE 2002,
GOUDIE et al. 2000, Har1O & SELIN 1987).

During incubation, body
wintering grounds are crucial for the reproduction
of eiders (LAURSEN et al. 2018, 2019). As the sole
incubator in the nesting process, the female eider
relies primarily on these accumulated reserves.
Prior to incubation, the process of egg development
facilitates the mobilization of minerals and
nutrients (ALONSO-ALVAREZ et al. 2002, WiLCOX
1965), which affect general health, physiology and
biochemistry (GARBUS 2016).

During incubation, the female rarely leaves the
nest unless disturbed, for occasional preening or
bathing or in need of rehydration (MCARTHUR &
GORMAN 1978, SWENNEN et /. 1993, BoLpuc &
GUILLEMETTE 2003). The female relies on nutrient
reserves and especially fat reserves and pectoral
muscles are metabolised (KORSCHGEN 1976,
MILNE 1976, ParkER & Horm 1990). Studies
have shown incubation intermissions to last for
4-17 min primarily during the night (BoLpuc
& GUILLEMETTE 2003, BorTITTA €t 2l 2003,
CRISCUOLO ez al. 2000, SWENNEN et al. 1993).

The incubation period is energy-demanding
and females lose 23-46 % of their pre-laying body
mass. A proportion of the incubating females may
not have sufficient nutrient reserves to complete
the incubation period and, consequently, clutches
of eggs are occasionally abandoned (FRANZMANN
1980, GABRIELSEN ef al. 1991, HARPARDOTTIR
et al. 1997, MAWHINNEY 1999, PARKER & HoLMm
1990). Duringincubation, typically three metabolic
stages exist, each addressing different types of
energy. Throughout stage I, protein catabolism
decreases and fat metabolism increases. During
stage I, the energy utilized is primarily fat. In

reserves from

92

stage ITI protein catabolism increases again. In fact,
these latter biochemical changes allowed a Finnish
study on incubating eiders in 1997-199 to pinpoint
specific years in which stage III was reached
(HOLLMEN et al. 2001) which was shown again in
the Christianse cider colony by GARBUS (2016) in
2015. The mobilization of lipids and nutritional
reserves releases persistent organic pollutants and
heavy metals to the blood, which together with
nutrient-deficiency lead to immune suppression
and affect the breeding success (HOLLMEN ez
al. 2001, HANSSEN et al. 2003, MALLORY et 4l.
2004, BALDASSARRE 2014). Furthermore, body
mass or body condition may also affect brood care
behaviour long after hatching, affecting survival of
ducklings as well (OsT ez a/. 2003).

It is important to develop minimally invasive
tools that allows us assessing the general health
of eciders during the incubation period. Here
we present data on body mass changes and nest
attendance behaviour of the common eider using
electronic scales and video surveillance. This
allow us to further study behaviour and stress that
incubating eiders undergo during the breeding
season and determine the most important factors
for breeding success. The study was conducted in a
colony in the Central Baltic Sea. Here the eiders are
migrants, returning to the colony in late February
and conduct their main 26-day incubation from
mid-April to mid-May. The very last eggs usually
hatch in ecarly June (FRaNzMANN 1980, LyNGs
1992).

2. Materials and methods
2.1. Study design

The study colony is located on Christianse which
is part of the Ertholmene archipelago northeast
of Bornholm in the Central Baltic Sea (55°19°’N
15°1I’E, DK-3760 Gudhjem) (Figure 1). Each
year, ca. 1500 ciders breed at Ertholmene (LYNGS
2014). In April 2015, a study plot of app. 900 m?
was checked daily (09.00-10.00 am) to locate
potential nests for scale monitoring and camera
surveillance. New nests with 1-2 pre-incubated eggs
were marked with ID-number and GPS position. A
thin spike was used to check if the layer of soil was
sufficiently thick for placing the scale measuring
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Figure 1: Map of the study area.
Slika 1: Zemljevid obravnavanega obmocja

22 cm x 7 cm (wxh). Then, eggs and nest material
were temporarily removed and the soil excavated
to make space for the scales. In addition, plastic
saucers were used to separate the scales from the
ground and the nest material. After deployment,
the modified nests and their content were placed to
the exact same level compared to the surrounding
area as before (Figure S1). One camouflaged camera
was installed within 1m of one of the nests installed
with scale system (Figure S2). Recording of data
started hereafter.

2.2. Automatic scale and camera surveillance

We placed an automatic poultry scale system
based on the scales DOL 94-10 from SKOV A/S
(Glyngere 7870 Roslev, Denmark htep://skov.com)
in nine cider nests. Two nests were predated by
Herring Gulls Larus argentatus, and in three nests
data was lost due to power outages. Consequently,

datasets were obtained from four nests that all
hatched successfully. Scales were connected with
a cable to a panel box and the surveillance camera
was connected via network cable to a router hidden
in a plastic container in the nesting area. Scales
were finally connected to a modified Raspberry Pie
Microcomputer (RPM), which collected and stored
raw signals in a database by using an Analogue to
Digital Converter (ADC). The measuring error
due to the resolution of the scales and 18 bit
ADC was +10.6 g. This was considered more than
sufficient since other disturbances like rain, wind,
temperature, unstable power, dirt and movements
of the bird affect the measurements with similar or
larger perturbations. The RPM was programmed
to acquire raw mass data and time every 5 sec. This
information was stored in a database.

We mounted a Foscam FI9805 HD 4mm
PoE surveillance camera near one nest site in the

period April-June 2015. The Foscam Network
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Video Recorder FN3104H camera was supplied by
ShenZhen Intelligent Technology Cooperation.
The camera recorded 10 frames per s and data
was automatically stored on an external server.
Recording during dark hours was made possible due
to the cameras’ build-in infrared light technology.
Microsoft Movie editor (Microsoft Inc. 2015)
was used to edit the recordings. In this study, the
scales and surveillance camera were placed without
disturbance as the placements were carried out
during the pre-incubation period.

2.3. Body mass data

In order to increase the limited sample size of this
present study, we also included data reported by
BoLpuc & GUILLEMETTE (2003) to see whether
their results were different from those of this present
study. The absolute recorded mass could not be used
directly to determine the body mass of the bird.
Instead, we used the recorded mass right before
departure subtracting the mass of the nest content.

This mass difference (AW) was extracted for all
incubation intermissions for every bird (Figure 2).

2.4. Statistical analyses and graphical
presentations

All basic statistics were performed using R (R
CORE TEAM 2018). Due to low sample size,
only visual graphical interpretations were used. A
moving average was applied to the graphical pre-
sentation of the mass development to smooth out
short-term fluctuations.

3. Results and Discussion

3.1. Incubation intermissions and nest-leave
behaviour

On average, the incubating ciders left their nests
13 times (range: 7-17 times; Table 1) during the
26-day incubation period. Each leave lasted for
34 min on average (range: 7-70 min; Table 1).
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Figure 2: Data collected from one of the automatic poultry scales and illustrated graphically providing information of
the mass of the nest and the incubating female. The flat part of the curve illustrates an incubation intermission.

Slika 2: Podatki ene od avtomatskih tehtnic, ki so beleZile maso valece samice. Ravni del krivulje predstavlja premor

med valjenjem
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Table 1: Basic incubation data of Christiansg Common Eiders Somateria mollissima

Tabela 1: Osnovi podatki o valienju gag Somateria mollissima v arhipelagu Christiansg

Time away from nest

Incubation / Valjenje / Casz gnezda Ti Mass loss
ime
Pertrip/  onnest
Time Total / Posamezen /Casna
/Cas Intermissions/ Skupno odhod gnezdu Rate Relative
ID (d) Premori (min) (min) (d) (gd") Absolute (g) (%)
692
#01 27 7 188 27(7-43) 4(2-7) 26 (3548-1556) 31
#0226 17 534 31(12-63) 2(1-5) 20 529 28
(1884-1355)
707
#0326 10 521 52(35-70)  2(1-5) 27 (1911-1204) 36
655
#04 26 16 442 28 (11-51)  2(1-3) 25 (1761-1106) 37
pverage/ a4 13 421 34 3(1-5) 25 646 33
ovpredje

Table 2: Observed mass changes after incubation intermission of the Christiansg Common Eiders Somateria
mollissima compared to the Saltholm study (Botbuc & GuiLtemerte 2003).

Tabela 2: Opazovane spremembe mase gag Somateria mollissima med premori v valjenju — primerjava te raziskave
z raziskavo na otoku Saltholm (BoLpuc & GuiLLEmeTTE 2003).

Intermissions /

Premori Mass/Masa

Gain (g) Loss (g) No gain/loss Gain (g) Loss (g)

n=50 18 (36 %) 25 (50%) 7(14%) 49 +21(16-88) 44+ 22 (11-89)
n=76 12 (16%) 51(67 %) 13 (17%) 117 75

This is slightly longer compared to previous studies
from the Danish island Saltholm showing that the
number of incubation intermissions was on average
12 times (range: 9-19 times; Table 2) and lasting
for on average 14 min (range: 3-42 min; Table 2,
see below for details) (BoLpuc & GUILLEMETTE
2003). The reasons for this is unknown but could
be due to differences in body condition, food access
and presence of predators.

The birds left on average every second day and
the interval between each incubation intermissions
varied 1-7 days. As suggested from Figure $3-6, the
time elapse between incubation intermissions (days)

did not change from the beginning to the end of
incubation while the length of intermissions (min)
seem to decrease slightly. This, however, based on a
few individuals and a larger sample is required for
statistical tests. Incubation intermissions mostly
took place around the same time of the day, i.ec.
after sunset between 21:00-24:00 (Figure S3-6).
Out of 50 incubation intermissions only 3 (6 %)
were found to occur during daylight and all by
the same bird (#04; Figure S6). The investigations
on Saltholm by BoLpuc & GUILLEMETTE (2003)
showed a slightly higher daytime occurrence
with ecight of 61 intermissions (13 %). For every
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intermission, the birds carefully covered up their
eggs with down (Figure S7). According to the
webcam, this took approx. 60 s. While the female
was absent, the eggs were thus protected by both
dusk and down. The eiders left their nest for a total
time of 421 min (range: 188-534 min; Table I).
In comparison, the Saltholm study (Borpuc &
GUILLEMETTE 2003) showed that the birds left
their nest for 190 min (range: 101-270 min). This
suggests that the Saltholm population may have had
a better body condition, better food access or was
more affected by predators. The incubating eiders
lost 33% (range: 28-37%) of their initial body
mass on average. Other investigations have shown
a mass loss of 23-46% (BoLpUC & GUILLEMETTE
2003, FRANZMANN 1980, GABRIELSEN ef a/. 1991,
HARPARDOTTIR ¢ al. 1997, KORSCHGEN 1976,
PARKER & HoLM 1990). The incubating ciders lost
onaverage 646 g (range: 529-707 g). Theloss of body
mass was 25 gd" (range: 20-27 gd”') on average. In
comparison, the Saltholm study showed an average
body mass loss of 975 g (range: 723-1126 g), a mass
loss rate of 37.5 g d" and a relative mass loss of 42%
likely due to a higher initial body condition. Other
studies of nesting eiders have shown body mass loss
of 15-30 g d* (BoLpuc & GUILLEMETTE 2003,
CriscuoLo et al. 2002, ERIKSTAD & TVERAA
1995, FRANZMANN 1980, GABRIELSEN et /. 1991,
HARPARDOTTIR et al. 1997, KORSCHGEN 1976,
LAURILA & HARIO 1998, PARKER & HoLm 1990).

3.2. Changes in body mass

The distance to the sea from the study plot was
100-130 m. Due to an average incubation inter-
mission of 34 min compared to the short distance
to the sea it would be possible for the bird to
allocate time for both rehydrating and foraging. Of
50 incubation intermissions recorded (Table S1-4),
18 were associated with mass gain, on average 48 g
(range: 16-88 g), 25 with mass loss, on average 43
g (range: 11-89 g; Table 2), and seven were outside
the confidence of measuring due to measuringerror
of £10.6 (Materials and methods). The 18 intermis-
sions associated with mass gain lasted on average
39 min (range: 11-70 min) while the average
incubation intermission was at 34 min.

Although there has been consensus that nesting
ciders do not feed during the incubation period
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(KORSCHGEN 1976, MILNE 1976, PARKER & HoLMm
1990) it has recently been suggested that they may
do so nevertheless (BoLbuc & GUILLEMETTE
2003, CRISCUOLO et 4l. 2002). Numerous dives
(CriscuoLo et al. 2002), unusually long at times,
and necks distended on the way back to the nest
(Borpuc & GUILLEMETTE 2003) could be signs of
foodingestion. At Christianse, similar observations
were reported. At a mass mortality event in 2007
caused by starvation small piles of 5-14 mm
regorged blue mussels (Mytilus edulis) were found
in close vicinity of seven incubating ciders (LYNGS
2007, GARBUS et a/. 2018), indicating foraging.

3.3. Intermissions and body mass

Blue mussels are the principal food item for eiders
(Har1o & OsT2002, HILGERLOH 1999, MADSEN
1954, NEHLS 2002, SWENNEN 1976). The quality
of mussels may affect both the time foraging and
the amount of ingested food. If so, this may indicate
that the blue mussel beds around Christianse may
be of poor condition. Earlier studies have suggested
occasional poor health of blue mussels in the
Baltic sea caused by Prymmnesium polylepsis blooms
(LARSSON et al. 2014), which may be lethal to this
species (JOHN et al. 2002, NIELSEN ef al. 1990,
ScuMIDT & HANSEN 2001, UNDERDAHL et 4l.
1989).

The incubation intermissions could be to
rehydrate as well as forage. However, since the daily
diving time usually required to maintain energy
balance in this species is 140 min, the ingestion
of prey is probably lower than outside incubation
(GUILLEMETTE 1998). BoLbUC & GUILLEMETTE
(2003) found an average mass gain of 117 g in the
Saltholm colony, when mass gains were observed
under the incubation intermissions, which is higher
than the present study. Altogether, the present and
BorLpuc & GUILLEMETTE (2003) studies suggest
that incubating ciders with a lower mass at the
onset of the incubation period may spend in total
more time away from the nest than eiders with a
higher initial mass. If that is true, incubating ciders
with sufficient reserves will reduce their time away
from the nest to avoid nest predation or risk of poor
egg development (GARBUS ez 4/. In press). Studies
on other incubating waterfowl indeed support our
observations on incubating behavior in relation to
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initial body mass (AFTON & PAULUS 1992, ALRICH
& RAVELING 1983, YERKES 1998) but more data is
required to investigate this further.

3.4. Scale and camera

Regarding the eiders nesting behaviour, only data
for the eider #02 was presented for illustration of
our methods (Figure 3). Figures for the remaining
eiders are found in Figure S8-11. Movements of
the incubating eiders on the nests were reflected
as semi-long spikes (green arrows) in a diurnal
pattern. The spikes were due to activities such as
standing up, turning the eggs and preening in the
nest. Hatching of the chicks was reflected as extra
closely placed spikes (red arrows) on the graphs at
the end of the incubation period. Selected points
on the graph of #01 (Figure S8) were compared
to the recorded video material (S12). The scale
and camera instruments employed in the present
study showed to be very effective in accurately
measuring the timing of incubation intermissions
as well as associated mass changes. As such, it can
potentially elucidate how individual stress during
the incubation period may ultimately result in
dramatic population effects, as has been recorded
for the Baltic population (EKROOS e al. 2012,
SKOV et al. 2011).

4. Conclusion

During incubation, the Christianse eciders
underwent a 28-37% loss in body mass and left the
nest on average 13 times (range: 7-17 times) for a
period of 7-70 min. Birds with high initial body
mass seem to leave their nest for a shorter total
time than birds with lower initial body mass. Our
results contribute to the further understanding of
eider incubation behaviour to fully understanding
their breeding biology in order to better conserve
and manage the species during its breeding seasons
where individual birds undergo extreme stress that
may affect reproductive outcome and adult survival.
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Predstavljamo spremembe telesne mase pri gagah
Somateria mollissima med valjenjem na koloniji na
otodju Christianse v osrednjem Baltiku (55°19°N
15°11’E). Raziskava je potekala aprila in maja 2015,
spremljali smo $tiri ptice (dve sta bili uplenjeni, pri
treh manjkajo podatki zaradi tezav z napajanjem).
Telesno maso in gnezditveno vedenje smo 26-27
dni spremljali z avtomatsko perutninsko tehtnico
in nadzorno kamero. Med valjenjem so gage
izgubile 28-37 % telesne mase in gnezdo zapustile
v povpredju 13-krat (razpon: 7-17) za 7-70 minut.
V splo$nem so ptice z vi$jo izhodi$¢no maso gnezdo
zapuscale za krajsi ¢as kot ptice z niZjo maso.
Meritve mase kazejo, da so se ptice med valjenjem
tudi prehranjevale in gnezd niso zapu$cale le zaradi
pitja in motenj. Ta nova spoznanja so pomembna
za razumevanje gnezditvene biologije gag in
nacrtovanje varstvenih ukrepov med gnezditveno
sezono.
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