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4 Laboratoire Biogéosciences, Unité Mixte de Recherche Centre National de la Recherche Scientifique 5561, Université de Bourgogne, 6 Boulevard
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Abstract

Natural catastrophic events such as heavy rainfall and windstorms may induce

drastic decreases in breeding success of animal populations. We report the

impacts of summer rainfalls on the reproductive success of ivory gull (Pagophila

eburnea) in north-east Greenland. On two occasions, at Amdrup Land in July

2009 and at Station Nord in July 2011, we observed massive ivory gull

breeding failures following violent rainfall and windstorms that hit the

colonies. In each colony, all of the breeding birds abandoned their eggs or

chicks during the storm. Juvenile mortality was close to 100% at Amdrup Land

in 2009 and 100% at Station Nord in 2011. Our results show that strong winds

associated with heavy rain directly affected the reproductive success of some

Arctic bird species. Such extreme weather events may become more common

with climate change and represent a new potential factor affecting ivory gull

breeding success in the High Arctic.

Recent climate change has been especially pronounced

in the Arctic, with surface temperatures rising two to

four times faster than the global average (Miller et al.

2010) and an accompanying rapid decline of sea ice

(Serreze et al. 2007; Stroeve et al. 2007). Both the Arctic

warming and sea-ice loss in the past few decades are

unprecedented over at least the last few thousand years

(Kaufman et al. 2009; Polyak et al. 2010). Climate change

is likely to increase the magnitude and frequency of

extreme weather events, such as freezing rain or heavy

precipitation (Parry et al. 2007), with profound ecologi-

cal consequences on species that inhabit this biome

(Post et al. 2009; Gilg et al. 2012; Post et al. 2013). Arctic

vertebrates will be exposed to a host of extreme climatic

events away from those in which species evolved. Such

events may affect animal populations indirectly, for

example, by impacting the distribution and abundance

of food resources, or directly, for example, by increasing

individual mortality or reducing breeding success (Post

et al. 2009; Gilg et al. 2012). Species living in Arctic

environments have various behavioural, physiological

and morphological adaptations to cope with energetically

demanding conditions and are uniquely adapted to sur-

vive in the cold and dry summers that characterize

the High-Arctic region (Martin & Wiebe 2004; Beaumont

et al. 2011). The fraction of Arctic summer precipita-

tion occurring as snow has, however, declined over the

past few decades, in unison with an increase in rainfall

(Screen & Simmonds 2012). Changes in precipitation

regime (snow to rain) during the breeding season may

have dramatic consequences on animals, and particularly

on juveniles (e.g., Mallory, Gaston, Forbes et al. 2009;

Mallory, Gaston & Gilchrist 2009; Pokrovsky et al. 2012;

Anctil et al. 2013; Boersma & Rebstock 2014).

Here, we report the impacts of unusual summer violent

rainy windstorms on the reproductive success of two

ivory gull (Pagophila eburnea) breeding colonies located

in north-east Greenland. This species recently received

considerable research attention and monitoring effort

because breeding populations in Canada have declined
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by over 80% since the 1980s (Gilchrist & Mallory 2005).

It is currently one of the most threatened Arctic bird

species for several identified reasons, including biomag-

nification of contaminants (Braune et al. 2006; Miljeteig

et al. 2009; Miljeteig et al. 2012) and reduction of sea

ice (Nghiem et al. 2007; Stroeve et al. 2007; Screen &

Simmonds 2010), its main habitat (Boertmann et al.

2010; Gilg et al. 2010). Hence, its conservation status has

been upgraded to ‘‘endangered’’ in Canada (COSEWIC

2006, uplisted in 2011) and ‘‘near threatened’’ interna-

tionally (Birdlife International 2012).

Methods

Study area and species

Two breeding colonies located in the most north-eastern

corner of Greenland*at Amdrup Land (80850?N/

14837?W) and Station Nord (81835?N/16839?W)*were

monitored (see Gilg et al. 2009 for details on ivory gull

breeding sites and numbers in Greenland). The Amdrup

Land colony is located on a flat rocky plateau surrounded

by glaciers, about 5 km inland. The Station Nord colony is

located on a coastal terrace, at about 3 km from a military

station, where birds are nesting about 1 km from the

year-round ice-covered Arctic Ocean. The sea of this part

of Greenland is covered by multiannual drift ice through-

out the year, yet localized and predictable bodies of open

water, like the North-East Water Polynya, make the

region attractive to breeding ivory gulls. The ivory gull

usually lays one to two eggs, more rarely three eggs

(Mallory et al. 2008). Both parents incubate nests for

24�26 days, eggs typically hatch in mid-July in North

Greenland and chicks fledge 30�35 days after hatching.

Data collection

The two colonies were visited during the hatching period.

The Amdrup Land colony was visited on four occasions

between 25 July and 1 August 2009. The Station Nord

colony was visited on two occasions on 4 July and 9 July

2011. For each colony, we monitored the number of

occupied nests, laid eggs and hatched chicks. The colonies

were not monitored during the storm peak; the breeding

failure was assessed by an active survey of the colony the

day following the storm. Weather data (temperature and

precipitation) were automatically collected by the Danish

Meteorological Institute at Station Nord for the period

1961�2011 (Capellen 2012). We used linear regression

(for temperature) and general linear model (for precipi-

tation, with a quasi-poisson family model) to examine

temporal trends in the data over the past 50 years.

Results

Amdrup Land 2009

A total number of 96 nests were occupied at Amdrup

Land during our first visit (25 July 2009; Table 1). The

brood size was one (n�49 nests) or two (n�41 nests).

For six nests, we were unable to assign already highly

mobile chicks to a nest. An average of 1.4690.50 off-

spring were produced per nest. On 28 July 2009, around

21:00 local time, a rainy storm started and lasted for

18 hours. Twelve hours after the start of the heavy rain

at 09:00 on 29 July, a windstorm rose up that lasted for

36 hours. On 31 July 2009, an active survey of the colony

found only two live chicks; these were abandoned chicks

hidden in stony crevices. Many chick carcasses (n�36)

were found in and around nest cups, with for some,

apparent signs of pecking from adults on the body. All

eggs that could still be found were crushed in or near the

nests. While most adults were still present in a large flock

near the colony, all 96 nests were unattended. Given the

null chances for these two last downy chicks to survive

without parental care, breeding failure can confidently be

estimated as being 100%.

Station Nord 2011

A total of 50 nests were occupied in the breeding colony

on 4 July 2011 (Table 1). The mean clutch size was then

Table 1 Number of ivory gull nests and brood sizes documented in the two failed colonies.

Before the storm After the storm

Locality Coordinates Year

Number

of nests

Mean brood

size (9SD) Eggs Nestlings

Range

(min�max)

Attended

eggs

Nestlings

alive

Amdrup Land 81835?N/16839?W 2009 96a 1.4690.50 83 48 (1�2) 0 3

Station Nord 80850?N/14837?W 2011 76b 1.6490.52 80 2 (1�3) 0 0

aFive of the 96 nests were already abandoned before we monitored the colony for the first time. Another one has only been monitored after the storm. Statistics are based on

90 nests.
bTwenty-six nests have been monitored only after the storm. Statistics are based on 50 nests.
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1.6490.52 offspring (Table 1). From 5 to 8 July 2011,

heavy snow and rains hit the region. On 9 July 2011,

when visiting the colony for the second time, none of

the previously occupied nests were still active. Neither

eggs nor chicks were found in the nests and only a few

adults were present in the colony. A second group of

birds was breeding a little further from the main colony

(nest occupancy checked by scope sighting) but nest

content was only monitored after the storm. Here again,

none of the 26 occupied nests were active.

Temperature and precipitation

For the period 1961�2011, the air over land warmed

by 2.758C for the month of July at Station Nord (coefficient

b�0.066, standard error [SE]�0.003; F1,40�68.17,

PB0.001; Fig. 1a). For the same period, the five-year

moving average annual rainfall recorded indicates a sig-

nificant increase in the precipitation regime (b�0.007,

SE�0.002, F1,40�6.79, PB0.013; Fig. 1b).

Discussion

The effects of negative and unpredictable events on

the reproductive success of birds vary depending on the

stage of the reproductive cycle. Unusual and severe

weather events such as heavy rainfalls and windstorms

can result in the substantial loss of eggs and chicks in

Arctic seabirds (Schreiber 2001). At Station Nord, tem-

peratures and precipitation, whether solid or liquid, have

been regularly increasing for the past 50 years (Fig. 1).

The storms witnessed in 2009 and 2011 occurred during

a critical period: egg incubation and brooding of chicks.

Adverse weather conditions may also deeply affect adult

seabird mortality during the breeding season, as has been

shown for northern fulmar (Fulmarus glacialis) and thick-

billed murre (Uria lomvia; Mallory, Gaston & Gilchrist

2009). For the two events reported in this study, only

juvenile mortality was observed and no adult was found

dead (although one satellite tracking tag fitted to an adult

for more than two years also suddenly stopped trans-

mitting shortly after the storm in Amdrup Land in 2009,

indicating that this adult might have died due to the

same event; Gilg unpublished data). Predation after a

violent storm can also be facilitated and sometimes

appears to be the leading cause of reproductive failure

in Arctic seabirds, for example, northern fulmar (Mallory,

Gaston, Forbes et al. 2009). Storm-facilitated predation

was not observed in our ivory gull colonies, as no

predator was directly or indirectly (through observations

of tracks or faeces) recorded in the vicinity of the

breeding colonies during our monitoring. Intraspecific

scavenging, typical in ivory gull (Mallory et al. 2003), is

the most likely explanation for the disappearance of

some of the lost eggs and chicks.

Although Arctic seabirds are adapted to harsh environ-

mental conditions, unpredictable and extreme environ-

ments nonetheless affect their energy balance. Heat losses

in cold air, water or in stormy conditions can be extremely

high despite adults’ waterproof and well-insulated plu-

mage (Fort et al. 2009). This is magnified for chicks, whose

downy plumage is much less waterproof and a poorer

insulator than that of the adults. Chicks are therefore

highly vulnerable to changes in wind speed and pre-

cipitation, with cold rain impacting their energetic meta-

bolism dramatically and potentially resulting in high
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Fig. 1 Long-term changes in temperature and precipitation records at Station Nord. (a) Annual temperature in July from 1961 to 2011 indicates the air

over land warmed by 2.758C in 50 years (coefficient b�0.066, standard error [SE]�0.003; F1,40�68.17, PB0.001). (b) Five-year moving average

annual accumulated precipitation in July from 1961 to 2011 (b�0.007, SE�0.002; F1,40�6.79, P�0.013). Weather data were automatically collected

by the Danish Meteorological Institute (Capellen 2012). Regression lines and 95% confidence intervals of the predicted models are represented with

solid and dashed lines, respectively.
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mortality. In the two reported cases, due to the strength of

the observed storm, we suspect that the parents could not

properly protect their eggs and young during the storms,

as already observed for northern fulmar (Mallory, Gaston

& Gilchrist 2009).

Ivory gull in north-east Greenland, and likely else-

where too, are probably regularly exposed to adverse

weather conditions during the breeding season. With

the expected increase in extreme weather events in the

Arctic (Hassol 2004; Parry et al. 2007), we anticipate

that similar breeding failures will occur in the near future

due to heavier summer rainfall (Screen & Simmonds

2012), northward range shift being limited for a species

whose breeding sites are already restricted to the north-

ernmost lands on Earth. Variability in juvenile survival

of long-lived vertebrates can play an important role in

population dynamics (Gaillard et al. 1998). Hence, species

like the ivory gull are highly vulnerable to changes in

the precipitation regime. It remains to be seen whether

the ivory gull will be able to withstand, in combination

with other challenges, such as pollution and sea-ice

decline, new extremes of weather outside its ancestral

norms.
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