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Abstract Minimizing the risk of nest predation has led

some bird species to exploit the nest defense behavior of

other species. At Nasaruvaalik Island, Nunavut, Canada,

some common eiders (Somateria mollissima borealis) nest

within the boundaries of Arctic tern (Sterna paradisaea)

colonies, while others nest elsewhere on the island, away

from the terns. We tested the effects of location (within vs.

outside the tern colonies), density of common eider nests,

and annual variation on the nesting parameters of common

eiders. Our results suggest that nesting in association with

Arctic terns does not confer an obvious benefit to eiders.

Such associative nesting of eiders and terns may be the

result of overlapping habitat preferences between the two

species, or a general scarcity of suitable nesting habitat for

ground-nesting species in the high Arctic. However, eiders

nesting in higher densities with other eiders had greater

nest success and lower total clutch predation, indicating a

positive correlation between nest density and success.

Keywords Common eider � Nest defense � Arctic tern �
Nesting associations � Colony � Density � Predation

Introduction

Birds have evolved many behaviors to minimize the risk

of nest predation, such as predator avoidance, alarm calls,

aggressive nest defense, or nesting commensally with

other species (Lima 2009). Such commensal relationships

have received considerable attention and are typically

observed between non-aggressive and aggressive, com-

munally nesting bird species (Blanco and Tella 1997;

Quinn and Ueta 2008; Greeney and Wethington 2009;

Polak 2014). In these associations, a passive defender

species relies on the aggressive nest defense of a protector

species to defend its own nest. Nesting in association with

aggressive species is a common strategy among waterfowl

(Quinn and Ueta 2008). Many waterfowl species change

their regular pattern of nest selection to nest close to a

protector species (Blomqvist and Elander 1988; Tremblay

et al. 1997; Ebbinge and Spaans 2002), which typically

results in lower nest predation (Alison 1975; Väänänen

2000; Bêty et al. 2001; Quinn et al. 2003). Some examples

include snow geese (Chen caerulescens), which aggregate

around snowy owl (Bubo scandiacus) nests during years

of high owl nesting abundance (Tremblay et al. 1997);

brant (Branta bernicla), which exhibit the same type of

behavior with other raptors (Ebbinge and Spaans 2002);

and king eiders (Somateria spectabilis), which will nest in

aggregation around long-tailed jaeger (Stercorarius

longicaudus) nests (Blomqvist and Elander 1988). It is

expected that such an associative strategy will persist

through evolutionary time if it brings some benefit for the

species seeking protection (e.g., reducing nest predation).

However, most reported associative nesting relationships

seem to be facultative, with the behavioral flexibility of

the nesting strategy being driven by variation in the type

and rate of predation (Lima 2009). Not all waterfowl

species exclusively associate with a protector species

(Alison 1975; Young and Titman 1986; Blomqvist and

Elander 1988; Bêty et al. 2001; Ebbinge and Spaans

2002), but rely on their own nesting strategy to minimize

the risk of nest predation.
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The common eider (Somateria mollissima) is a long-

lived migratory sea duck that relies on nest concealment

and behavioral diversion to avoid nest predation (Goudie

et al. 2000). In the Arctic, the subspecies S. m. borealis is

known for its colonial nesting behavior (McKinnon 2006;

Iverson et al. 2014; Kristjansson and Jónsson 2015). In

some areas, common eiders nest sympatrically with large

gulls, active nest defenders which could play a role in

reducing eider nest predation (Dwernychuk and Boag

1971; Götmark and Ahlund 1986; Donehower and Bird

2008). However, large gulls also prey on eider clutches

and ducklings (Dwernychuk and Boag 1971; Götmark

1989; Donehower and Bird 2008), which clearly would

not be beneficial to nesting eiders. Dwernychuk and Boag

(1971) called this nesting association among common

eiders and large gulls an ecological trap, leaving the

adaptive significance of this association unclear. How-

ever, not all protector species are also predators of bird

clutches and young. Indeed, some birds nest in association

with terns (Sterna spp.) or small gulls (e.g., Sabine’s gulls

Xema sabini; Smith et al. 2007) which may decrease their

risk of nest predation (Alison 1975; Young and Titman

1986; Powell 2001; Egevang et al. 2004; Nguyen et al.

2006). The possibility of eiders exploiting terns as ‘‘pro-

tector species’’ has received little attention, presumably

because the breeding biology of Arctic terns in the high

Arctic has been overlooked, and most studies on eiders

have been at colonies lacking terns. Therefore, an asso-

ciation between terns and eiders may be apparent and

beneficial against avian predators in areas where their

ranges overlap.

We studied common eiders and Arctic terns (Sterna

paradisaea) nesting at a small island in the Canadian high

Arctic between 2007 and 2014. No nesting association

between eiders and terns has yet been described in the

literature, although several other sea ducks and shorebirds

nest within tern colonies and exploit the defensive strat-

egy of this protector species. At Nasaruvaalik Island,

some eiders nest within the limits of the tern colonies,

while other eiders nest either singly or close to each other,

but well away from the tern colonies. Nesting initiation of

eiders is earlier than that of the terns, but their nesting

periods overlap considerably, and terns are present at their

colony during the start of the eider initiation period. If

eiders benefit from the group nesting defense behavior of

breeding Arctic terns, we predicted: (a) eider nesting

success would be greater for those nesting within the tern

colonies and (b) eiders would be nesting in higher num-

bers within the tern colony than outside of them. We also

predicted that higher density of common eider nests

would have a positive influence on their nesting success,

based on recent studies in Iceland (e.g., Jónsson and

Lúðvı́ksson 2013).

Methods

Study area

Nasaruvaalik Island, Nunavut (75�490N, 96�180W; Fig. 1), is

a low elevation exposed island of 1.4 km2 (140 ha) comprised

of gravel beach ridges and separated from the next landmass

(Crozier Island) by 3 km. The island, surrounded by a polynya

that provides foraging opportunities early in the season and

throughout the summer (Mallory et al. 2012), is the most

important ground-nesting seabird island in the region (Maftei

et al. 2015). Two colonies of Arctic terns totaling approxi-

mately 900 birds breed on the island (Mallory and Gilchrist

2003), whereas *100–800 common eiders nest there annu-

ally (Maftei et al. 2015). Eiders initiate nests before terns at the

island: in 2008, mean eider nest initiation date was 24

June ± 3 days (n = 70), whereas tern mean nest initiation

date was 6 July ± 4 days (n = 324). However, in 2013 and

2014, no terns attempted to breed presumably due to unsuit-

able weather conditions. Nonetheless, they were present at the

colonies during the breeding period of the eiders, but not as

aggressive as during a successful breeding year.

Data collection

A team of three to eight researchers searched by transects

(4 m apart), the entire area of Nasaruvaalik Island locating

Fig. 1 Nasaruvaalik Island in Queens Channel, Nunavut, Canada

(75�490N, 96�180W), and its two tern colonies with embedded map of

the Canadian Arctic area
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and marking all common eider nests during 4 years of

study: June 19–August 22, 2011 (n = 573 eider nests);

June 26–August 4, 2012 (n = 725); June 25–July 16, 2013

(n = 990); and June 29–July 15, 2014 (n = 810). The

eider nests at Nasaruvaalik Island are highly detectable due

to the absence of any vegetation except some area with a

patchy distribution of purple saxifrage (Saxifraga opposi-

tifolia; Fig. 2), and very few boulders—essentially all nests

were on alluvial gravel or small moss carpets. Thus, even

depredated nests were easily detectable. Each nest was

marked with a numbered popsicle stick, eggs were counted

and numbered, and a GPS location was taken. The majority

of the eider nests found ([79 %) were revisited during

hatching and/or after the hatching period to determine their

fate between August 1–4, 2011 (n = 557), August 12–26,

2012 (n = 725), and August 12, 2013 (n = 768). We

determined the fate of each eider nest based on the

observations made during or at the end of the breeding

season. We determined the fate of each nest as follows:

depredated—no trace of eggs, an egg with a hole, a crushed

egg with large shell fragments attached to membranes, or a

nest bowl with few egg shell fragments; abandoned—cold

eggs in the nest bowl; hatched—ducklings were observed,

or shell membranes were observed often with tiny shell

fragments in the nest bowl. Newly found nests that were

freshly depredated were included in the analyses, whereas

nests for which fate could not be determined were excluded

from the analyses (Table 2). In 2013 and 2014, nests

located in random plots were revisited every 3 days to

assess rates of partial predation (n = 367) and the real

clutch size (n = 210) of the nests. Real clutch size was

assessed after a nest had been revisited twice in a row

without an increase in the number of eggs. Egg losses

during these revisits were included in the real clutch size.

Partial nest predation was determined by a reduction in the

number of eggs between nest visits. The nests were not

revisited at hatching in 2014 due to early departure of the

researchers.

We recorded all wildlife observed on the island and

discussed counts and their timing to account for duplicate

observations to get a daily estimate of the number of avian

predators which include glaucous gulls (Larus hyper-

boreus), Thayer’s gulls (Larus thayeri), parasitic jaegers

(Stercoraria parasiticus), pomarine jaeger (S. pomarinus),

long-tailed jaeger, and common raven (Corvus corax). We

witnessed many cases of predation by glaucous gulls,

parasitic jaegers, pomarine jaegers, and ravens. Polar bear

(Ursus maritimus) encounters were also recorded—many

instances of bear predation of eider clutches were observed.

We calculated a ratio of polar bears per day from the date

eiders were first seen around the island to the date a first-

hatched nest was found or the date researchers left the

island. The number of days for each year was as follows:

57, 51, 38, and 38 from 2011 to 2014, respectively. Arctic

foxes (Vulpes lagopus) can also occur on the island but

very sporadically and were not included in our analyses.

We also counted eider nests on the island annually since

2007 (Maftei et al. 2015) for nest abundance analyses.

Data analyses

To define the limits of the tern colonies, we used Arctic

tern nest data from 2007 to 2010 since the island was

extensively searched for tern nests during these years. The

boundaries of the colonies were set to the shoreline on one

side and the maximum distribution of nests plus a buffer of

40 m (the distance terns regularly reacted to our presence;

M. Mallory, unpublished data) on the inland side. Arctic

tern colonies totaled 42 ha (0.42 km2; Fig. 1), or approxi-

mately 30 % of the island. Each eider nest subsequently

found during 2011 and 2014 was classified as being within

or outside a tern colony.

Based on the distribution of eider nests, we calculated a

social density index (SDI; ArcGIS� 10.1, ESRI 2012) for

each nest based on the mean distance of the nearest

neighbors found within a search radius of 150 m as a proxy

Fig. 2 Typical eider nesting habitat at Nasaruvaalik Island with no

vegetation and highly detectable eider nests. Here, male eiders can be

seen still present with hens during laying and early incubation. Photo

credit: Dana Kellett
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of nest density (SDI = number of nearest neighbors/aver-

age distance to nearest neighbors). SDI was used to account

for isolated clusters (sometimes only two nests close

together), which might have biased a simple density mea-

surement (e.g., nearest neighbor distance) toward nests that

might be solitary (considering the overall distribution). SDI

accounts for multiple neighbors distance and is therefore

more effective to determine the density of a nest (Viblanc

et al. 2014) relative to the nest distribution on Nasaruvaalik

Island.

For all common eider nests found between 2011 and

2014, we analyzed the independent effects of location

(within and outside the tern colonies), density of common

eider nests (SDI), and annual variation on the nesting

parameters (dependent variables: nesting success, total

clutch predation, partial predation, clutch size) of common

eider with a generalized linear model (GLM) using the

lme4 package in R (Bates et al. 2014). We favored the use

of GLM versus a generalized linear mixed model due to the

low number of years that could have been used as a random

effect and instead looked at the effect of year as a fixed

factor. Also, despite 2 years of failed tern breeding, we did

not perform two analyses (terns breeding vs. no terns

breeding) due to the low number of years for replicates.

Then, different models were constructed with the location,

density, year, and their interactions as fixed effects. Like-

lihood ratio comparisons were made between the basic

model and simplified models using an ANOVA test. Then,

we selected the most parsimonious model that explained

variation in the nesting parameters by progressively

removing nonsignificant interactions based on the p value

of the ANOVA comparison, with an a of 0.05 (Crawley

2007; Lebeuf and Giroux 2014); these models all had the

lowest AIC values (Burnham and Anderson 2002). For all

the models constructed, the nest success, complete clutch

predation, and partial nest predation were modeled using a

binomial error structure, and the clutch size was modeled

with a Poisson error structure. For all the models, no

interactions between the fixed factors were included based

on our parsimonious approach described above. We were

not able to account for temporal pseudoreplication that

female nest site fidelity could induce because none of the

females were individually identified and the exact level of

site fidelity is not known for our study site.

Results

We compared nesting parameters of common eider between

locations (within or outside the tern colonies) while con-

sidering their SDI and nesting year (Table 2). Eiders nesting

within the limits of the tern colonies did not have higher

nesting success (GLM; z = -0.56, p = 0.57) or lower

clutch predation rate (GLM; z = 0.29, p = 0.68) than eiders

nesting outside the tern colonies. Overall, the year 2012 had

a positive effect on nesting success (z = 4.131, p\ 0.001)

and a negative effect on total clutch predation (z = -4.15,

p\ 0.001). In contrast, 2013 had a negative impact on the

nesting success (z = -0.69, p\ 0.001) but a positive effect

on total clutch predation (z = 4.32, p\ 0.001). Common

eiders nesting in higher densities had greater nesting success

(z = 2.52, p = 0.01), and this was associated with lower

total clutch predation (z = -2.36, p = 0.02).

The percentage of depredated nests (Table 3) was higher in

2013 than all the other years inside both the tern colonies

(47 %, n = 171) and outside (43 %, n = 600), which coin-

cided with a peak in predators in 2013 (Fig. 3). Numbers of

avian predators were also high in 2014 (Fig. 3) as was the

occurrence of polar bears (0.53 polar bear day-1) compared to

the other years (0.26, 0.16, 0.26 polar bear day-1, respectively,

from 2011 to 2013). However, we lack data concerning the

final nest fate for 2014 (see above Sect ‘‘Data collection’’).

Over 3 years (2011–2013), the proportion of eider nests from

inside the tern colonies that failed (39 %) was greater than the

proportion that failed from outside the colonies (30 %; v2,

df = 1, p = 0.0005), but there was considerable interyear

variation in nest loss proportions (Table 3).

In 2013 and 2014, no terns nested on the island. In these

years, there was no effect of either the tern colony location

boundaries or the density of eider nests on their partial

predation rate or their clutch size measured in plots

(p[ 0.26 for these nesting parameters, Table 2).

Since 2007, the number of common eiders nesting on

Nasaruvaalik Island has increased (rs8 = 0.95, p = 0.0011;

Table 1). In the final 4 years of the study, we found 3150

common eider nests, 27 % of which were located within

the boundaries of the Arctic tern colonies. Given that the

Fig. 3 Abundance of avian predators (3 day mean) during the laying

and incubation period of common eiders at Nasaruvaalik Island from

2011 to 2014
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tern colonies cover 30 % of the island, there was no evi-

dence that disproportionately higher numbers of eiders

were nesting within the limits of the tern colonies. The

mean eider nest density within the tern colonies (5.0 ± 1.4

SD nests ha-1) was similar to that outside of the colonies

(5.8 ± 1.2; Mann–Whitney test, p = 0.49), while the mean

maximum eider nest density within the tern colonies

(22 ± 9 SD nests ha-1) was lower than that outside of the

colonies (101 ± 43; Mann–Whitney test, p = 0.03;

Table 1). Thus, there was no evidence that eiders were

nesting in higher densities within the limits of the Arctic

tern colonies.

Discussion

Many bird species exploit the aggressive nest defense

behavior of other bird species by nesting in close association

to these ‘‘protectors’’ (Quinn and Ueta 2008). However, our

models did not suggest any effect of the tern colonies on

nesting parameters of common eiders in any year. We also

found no evidence that common eiders nested more often in

association with terns. Despite the lack of effect in our

models, the percentage of total predation on eider nests was

actually higher for nests located within the tern colonies, the

opposite of what we predicted. This latter result might

represent the attraction of predators for conspicuous bird

colonies. While terns actively mob potential predators, or

other perceived threats in the colony (Mallory et al. 2010),

this behavior and the fact that the birds are feeding in the

water nearby may make their colony more conspicuous, and

this could attract predators and bring costs associated with

coloniality (Rodgers 1987; Danchin and Wagner 1997;

Varela et al. 2007). Predators, which may be initially

attracted by the highly conspicuous terns, may ultimately

destroy a proportionally higher number of larger, thus more

nutritious, eider eggs. However, this potential negative effect

of the tern colony was not sufficient to explain variation in

the nesting parameters of eiders in our models, potentially

because of year variability.

The overall predation rate was variable among years,

perhaps linked to the fluctuating number of avian predators

annually observed during the breeding season. In 2013, the

relative abundance of avian predators was particularly high

on the island compared with 2012. These years had a

positive and negative effect, respectively, on the total

clutch predation rate of eider nests. We posit that the effect

associated with those years could be reflecting avian

predator abundance, especially during the laying and

incubation periods. In 2013, the gulls, similar to the terns,

deferred breeding in the nearby areas, likely because of

cold and inclement weather, explaining the large numbers

of non- or failed breeders congregated on the island.

Table 1 Total number of common eider nests on Nasaruvaalik

Island, Nunavut, Canada, from 2007 to 2014 (within the tern colony),

density and maximum density of eider nests outside the tern colony

(within the tern colony)

Year Number of nests Nests ha-1 Maximum nests ha-1

2007a 120 – –

2008a 71 (19) – –

2009a 136 – –

2010ab 261 (132) – –

2011c 572 (189) 4 (5) 66 (29)

2012c 781 (173) 6 (4) 101 (12)

2013c 990 (187) 7 (4) 161 (17)

2014c 807 (297) 6 (7) 74 (30)

a This is a maximum count but is a slight underestimate, as the island

was not systematically searched
b The densest area of nesting common eiders was not searched, so

this is an underestimate
c All the 1.4 km2 island was systematically searched for common

eider nests, and then, we calculated the density for each location on

the island

Table 2 Effect of explanatory factors from generalized linear models

(GLMs) assessing the nesting parameters of common eider on

Nasaruvaalik Island, Nunavut

Dependent factors (n)

Explanatory factors Estimate SE z p

Nesting successa (2063)

Location -0.12 0.21 -0.56 0.57

SDI (ln) 0.27 0.11 2.52 0.01

Year 2012 1.00 0.24 4.13 <0.001

Year 2013 20.70 0.20 23.42 <0.001

Total clutch predationa (2063)

Location 0.06 0.22 0.29 0.68

SDI (ln) 20.26 0.11 22.36 0.02

Year 2012 21.10 0.27 24.15 <0.001

Year 2013 0.91 0.21 4.32 <0.001

Partial nest predationb (367)

Location -0.56 0.85 -0.66 0.51

SDI (ln) -0.65 0.40 1.62 0.11

Year 0.92 0.56 1.65 0.10

Clutch sizeb (210)

Location -0.15 0.13 -1.12 0.26

SDI (ln) -0.07 0.08 -0.80 0.42

Year -0.01 0.10 -0.07 0.94

Location (effect of nesting within the Arctic tern colony), social

density index (SDI log-transformed), and year were tested as fixed

effects. Significant independent factors (a = 0.05) are in bold.

Numbers in parentheses represent the sample size for each nesting

parameters
a Samples from 2011 to 2013
b Samples from 2013 and 2014
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Furthermore, the unpredictable presence of polar bear and

Arctic fox may explain variation in nesting success and

clutch predation of common eiders. These events of

mammalian predation undoubtedly have a significant

influence on the nesting success of common eider (Iverson

et al. 2014) regardless of nesting density or the hypothet-

ical protection that terns may provide.

Unlike mammalian predation, the risk of avian nest

predation might decrease with increasing density of

common eider nests through colonial mechanisms such as

dilution (Hamilton 1971). We found that nesting at high

density decreased the rate of total clutch predation, while

it increased the rate of nest success for eiders. Overall

predation rate tends to decrease after the first egg laid,

and remains very low during incubation (Andersson and

Waldeck 2006) when nest attendance is very high

(*99 %; Mallory 2015). The laying period is then

especially critical since females are less attendant at their

nest, and subsequently even though female eiders fast

during the incubation period, they still leave their nest to

drink or rest on the water increasing the chances of nest

predation (Mehlum 1991). Thus, aside from the positive

social attraction effects of nesting in high densities (e.g.,

Danchin et al. 1998; Valone 2007; Jónsson and

Lúðvı́ksson 2013), such a strategy may also affect an

avian predator’s ability to detect an unattended nest and

thereby reduce the risk of predation through a dilution

mechanism. The negative effect of density on nest pre-

dation rates, suggested by our results, indicates that a

dilution mechanism associated with density effectively

prevents a nest from being depredated.

Collectively, our data provide additional support for the

role that predation can play on waterfowl nesting strategies

(reviewed in Mallory 2015). We interpret the association

between eiders and terns as a likely consequence of habitat

preference or availability and an increase in the local popu-

lation of eiders. At Nasaruvaalik Island, the population of

nesting eiders had increased in the last decade. Such an

increase is observed in other Arctic populations (Burnham

et al. 2015; Maftei et al. 2015) and is attributed to harvest

reductions during the winter in West Greenland where most

of the Canada–Greenland northern common eiders

overwinter (Gilliland et al. 2009; Merkel 2010). Despite that

the high nesting densities observed could be the result of

limited suitable habitat in the region (Maftei et al. 2015), it,

nonetheless, appears to confer a reproductive advantage,

most likely the result of reduced rates of avian predation.

Common eider breeding philopatry and nest site fidelity

enhanced by public information about conspecific (and self)

breeding success gathered the previous year may have

influenced the subsequent selection of breeding habitat

(Doligez et al. 2003; Danchin et al. 2004), explaining why

eiders were still nesting in the tern colonies without the

presence of the terns, despite the latter neutral effect on their

nesting success. However, for the two species, stochastic,

destructive visits by mammalian predators to nesting islands

appear to have a much greater effect on annual nest survival

(e.g., Burke et al. 2011), and the latter may become more

frequent in light of more unpredictable sea ice cover (Iverson

et al. 2014).
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