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Nest predation in declining populations of common eiders Somateria
mollissima: an experimental evaluation of the role of hooded crows

Corvus cornix

Jennifer Stien, Nigel G. Yoccoz & Rolf A. Ims

We evaluated the effect of the removal of hooded crows Corvus cornix on common eider Somateria mollissima nesting
success using a partial Before and After Comparison of Impact (BACI) design over three years in two eider breeding
colonies (Håkøya andGrindøya) in northernNorway. These breeding colonies hadover the last decades been subject to

severe declines in number of breeding birds and it was suspected that increasing nest predation by crows was
contributing to the declines. Eider nesting success was monitored in both colonies during 2006-2008. Crows were
removed by live-trapping fromHåkøya in 2007 and fromGrindøya in 2008.Wemonitored the number of nesting pairs

of crows and general crow activity. Crow removal was generally successful in reducing the number of established
territorial and visiting crows. Modelling of daily nesting success probabilities according to a logistic exposure model
revealed that eider nests found at the start of the season had a much lower probability of success than nests found later
on in the season. This is likely to be due in part to the increase in number of active nests during the first half of the season.

The effect of crow removal appeared to differ between the two colonies. Eider nesting success onHåkøya increased from
61% in the pre-removal year 2006 to 80% during crow removal in 2007 and declined to 74% in the post-removal year
2008. In contrast, nesting success on Grindøya remained constantly low (38-40%) during the same period. This

difference between the two colonies could be explained by a difference in predation pressure, or by a higher general
disturbance level on Grindøya making unattended nests vulnerable to predation by a range of alternative predator
species acting compensatory to the removal of crows.New investigations shouldbe undertaken to clarify the interaction

between crows and other nest predators in determining eider nesting success. Where compensation appears to occur,
conditions for this process should be investigated. This will help to indicate when crow removal can be effective and
which other actions can be employed to increase common eider nesting success.
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Predation is the main cause of mortality in many

bird populations (Newton 1998), it may limit popu-

lation growth and cause population regulation (see

reviews in Sinclair 1989 and Turchin 1995). Several

generalist predator species may concentrate on the

same target prey population (Jenkins et al. 1964,

Crabtree &Wolfe 1988, Jones et al. 2002), and such

behaviour may be accentuated when prey is present

in vulnerable life stages, e.g. during reproduction

(Ims 1990). Bird populations are particularly vul-

nerable during the nesting periodwith predation be-

ing shown to be the main cause of nest loss (Martin

1993). Generalist predators can maintain a popula-

tion at a reduced stable size through prey switching

(Begon et al. 2006). Furthermore, generalist pred-

ators may act to accelerate declines of populations

due to anthropogenic disturbances and thus con-

tribute to increasing the likelihood of population
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extinction (Bell & Merton 2002). Certain generalist
predators may themselves also benefit from anthro-
pogenic disturbance. For instance, human settle-
ments may provide reliable food resource subsidies
for generalist predators, which thus increase in
numbers and exert predation pressure on prey
populations (Schneider 2001, Neatherlin & Marz-
luff 2004). Many experimental studies involving the
removal of single generalist predator species have
been carried out over the years (e.g. Chesness et al.
1968, Bolton et al. 2007, see review in Côté &
Sutherland 1997).However, many factors appear to
be involved in molding the effects of such removals.
Examples of such modifying factors are breeding
densities (Gunnarsson & Elmberg 2008), compen-
satory effects of other predator species (Baines et al.
2004) and interactions with other stressors acting
upon breeding birds (e.g. Martin 1993, Criscuolo et
al. 2000, Trust et al. 2000,Hanssen et al. 2005). Only
experiments conducted in different contexts can
clarify the relative role of such modifying factors.

The hooded crowCorvus cornix is an opportunis-
tic generalist predator and scavenger, using mostly
visual cues to find a wide range of food including
grain, small mammals, carrion and rubbish (Yom-
Tov 1974, Coombs 1978). It is a main predator of
birds’ eggs and young (Sullivan & Dinsmore 1990,
Mehlum 1991, Andrén 1992, Luginbuhl et al. 2001)
and is sometimes targeted as a pest species, espe-
cially in game bird industries wishing to maximise
fledging success (Coombs 1978). Human settle-
ments often provide subsidies for crow populations
allowing larger than expected numbers to be present
in an otherwise poor food resource location (Soh et
al. 2002, Chace &Walsh 2006,Marzluff &Neather-
lin 2006). Some removal experiments have shown
that the nesting success of ground nesting birds
increases when crows are removed (e.g. Baines et al.
2004); however, control of other predatorsmay also
be necessary to reduce compensatory predation
(Côté & Sutherland 1997, Baines et al. 2004, Bolton
et al. 2007).

Eider colonies in Scandinavia and the Arctic can
be subject to high levels of nest predation from a
range of species (Ahlén & Andersson 1970, Gerell
1985, Mehlum 1991, Noel et al. 2005). On the is-
lands of Grindøya and Håkøya, in Troms county,
northernNorway, the hooded crow is thought to be
amain egg predator of the common eider Somateria
mollissima (Erikstad & Tveraa 1995, Y. Pettersen,
pers. comm.). Furthermore, Erikstad et al. (1993)

showed that complete clutch loss was the normal

mode of egg predation in this colony, rather than

partial egg loss. The current eider population on

Grindøya is estimated to be between 400 and 500

pairs (Yoccoz et al. 2002), and the Håkøya popula-

tion is between 200 and 300 pairs (J. Stien, unpubl.

data). Both colonies were historically much larger

than at present. In the 1950s, when both colonies

formed part of a widespread Norwegian coastal in-

dustry of down and egg collection, there were 1,000-

2,000 pairs and . 600 pairs on Håkøya and Grind-

øya, respectively (E. Olsen and Y. Pettersen, pers.

comm.). At that time, the colonies were protected

from predators by local landowners (Y. Pettersen,

pers. comm.). Thus although the cause of the decline

of the common eider is unknown, increased nest

predation pressure is a probable factor, as the local

focus on predation control has declined over the last

30 years. In addition, crow nest predation pressure

on the colonies could well be elevated by food

subsidies from the growing City of Tromsø, which

presently has a human population of about 60,000

(Statistics Norway 2009) and a nearby rubbish

sorting depot from which crow flocks forage daily.

In this study, we tested the hypothesis that nesting

success of eiders on the two neighbouring colonies

of Håkøya and Grindøya is improved when crows

are removed experimentally by intensive live-

trapping. In three breeding seasons (2006-2008) we

monitored eider clutch size, date of nest initiation

and success or failure of nests in order to assess

nesting success on the two colonies. The removal of

crows followed a partial BACI design (Before and

After Comparison of Impact; Underwood 1994).

On Håkøya, 2006 was a pre-removal season, whilst

crows were removed in 2007 and post-treatment

effects of removal were recorded in 2008. On

Grindøya, a pre-treatment year occurred in 2006,

whilst in 2007 the colony acted additionally as a

control for treatment effects on Håkøya. In 2008,

crows were removed fromGrindøya whilst Håkøya

acted as the control site.Nopost-treatment yearwas

undertaken on Grindøya. In all years we recorded

the number of breeding crows and their breeding

success, and in the year of removal the general ac-

tivity of crows at both islands was quantified to as-

sess the effectiveness of crow removal. Presence of

other avian predators, along with mammalian egg

predators was recorded to investigate the potential

for compensatory predation in the absence of crows.
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Material and methods

Common eider colonies

Grindøya and Håkøya are two small islands (of 65
ha and 361 ha, respectively) situated 2 km from each
other along the coast of northern Norway at
69838’N, 18852’E and 69839’N, 18849’E (Fig. 1).
Both islands are low-lying with mosaic of open and
wooded areas. The whole of Grindøya was used in
our study as it was combined with nests used for
research studies on other aspects of eider breeding
biology by NINA (Norwegian Institute for Nature
Research).OnHåkøya,we used thenorthernpart of
the island, as the area is of a similar size toGrindøya
(64 ha and 65 ha, respectively), and holds themajor-
ity of the eider colony (J. Stien, pers. obs.). Håkøya
has a settlement of approximately 60 dwellings and
several low intensity farms, whilst Grindøya has
three holiday huts along the coastlinewhich are now
seldom used. Both islands are located only 2-3 km
from urban areas of the city of Tromsø. Grindøya is
a nature reserve with one of the largest concentra-
tions of breeding eiders in the vicinity of the city.
The Grindøya colony has been subject to several
studies of common eider breeding biology (e.g.
Bustnes & Erikstad 1993, Erikstad & Tveraa 1995,
Yoccoz et al. 2002, Hanssen et al. 2005), so the
breeding success over a period of years before our
study was known. Access to the general public is
limited on Grindøya between 1May and 30 June to
limit disturbance to the eider colony. There is little
movement of breeding eiders away from Grindøya

to neighbouring areas (Bustnes & Erikstad 1993),

and eider hatching success seems to have been re-

latively stable over the last 10 years. The colony has

been decreasing, which has occurred in association

with decreasing female survival over recent years

(Anker-Nilssen et al. 2008). Potential nest predators

other than crow observed on both islands are the

greater black-backed gull Larus marinus, herring

gull L. argentatus, raven Corvus corax, white tailed

eagle Haliaeetus albicilla, American mink Mustela

vison, otter Lutra lutra and stoat Mustela erminea.

Common eider nest success monitoring

Searching for eider nests in the colony areas (seeFig.

1) commenced at the onset of breeding in both

colonies between 15 and 22 May (the onset differed

slightly between years). Nest locations were marked

with plastic tape fixed around nearby vegetation. In

total, 582 eider nests were located and monitored

over the three years. The monitoring period ended

between 28 and 30 June in the different years. All

nests were revisited within two days of nest finding.

Due to logistical constraints and combined effort

with another study on breeding biology on Grind-

øya (S.A. Hanssen, unpubl. data), the monitoring

schedule differed somewhat between the islands.

The nests on Håkøya were monitored most fre-

quently, i.e. every second day until nest completion,

in an attempt to document cause of predation. The

nests on Grindøya received up to three subsequent

visits over the seven days following nest discovery in

order to determine maximum clutch size. On these

first three visits the birds were not handled. Nests

with a known lay-date received up to six visits after

maximum clutch size was recorded. On the fifth day

of incubation (five days after the last egg had been

laid) the birds were caught, ringed andweighed, and

on day 20 they were caught again and reweighed.

Visits 3-6 consisted of recording nest outcome and

colour marking the successfully hatched chicks. On

Håkøya, birds were disturbed from the nest during

incubation in order to determine clutch size, but not

subsequently. Lay-dates could not be established

for 31% of all nests as these nests either failed before

a subsequent increase in egg number could be re-

corded, or were found after laying was complete.

However, theywere included in the nesting analysis,

as they contribute valuable information when esti-

mating nesting success (Johnson 2007). In 2006,

nests of unknown lay-date received ad hoc visits. In

Figure 1. The study areas of Grindøya (G) and Håkøya (H) in
relation to the growing city of Tromsø situated on the island of
Tromsøy (T). Shaded areas on land refer todensely populated areas
on Tromsøy, Kvaløy (K) and the Norwegian mainland (M).
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2007 and 2008, nests of unknown clutch size re-
ceived six visits during 3-30 June.

On both colonies, all nesting data based on the
3,018 nest visit intervals were used to model the
average daily nesting success (i.e. active or failed)
for each island in each year. We followed 543 nests
to completion of the nesting attempt and used the
data to calculate the colony nesting success (i.e. the
proportion of nests where at least one egg hatched)
for each island in each year. In addition to nesting
outcome, we recorded the number of eggs in each
nest at nest discovery (initial clutch size) and the
maximum number of eggs laid in each nest (maxi-
mum clutch size). Maximum clutch size was calcu-
lated as the unchanged clutch size recorded on two
subsequent visits (Yoccoz et al. 2002).

Where nests failed onHåkøya, the cause of failure
was recorded whenever possible. Small fragments
from eider egg remnants were recorded as a sign of
mammalian nest predation (Summers et al. 2004).
Eggs found with a single hole or split into two parts
were recorded as a sign of bird nest predation
(Brown et al. 1999, Summers et al. 2004), but it was
not possible to distinguish between crow and gull
predation in the field. The presence of an empty nest
was not helpful in determiningpredator type as both
crows and mammals can carry eggs considerable
distances from the nest (Loman &Göransson 1978,
Summers et al. 2004).

Monitoring and manipulation of crow numbers

The most intensive monitoring of crows was con-
ducted in the two years of crow removal (2007 and
2008), whereas only the number of nesting pairs and
their breeding success were registered in 2006. Crow
monitoring was aimed at recording breeding pairs
as well as general activity including flocks of non-
breeding birds. Territorial crows and their nests
were recorded whilst walking weekly transect lines
spaced 80 m apart through all woodland in the two
study areas. Sightings of�3 crows in a group which
did not subsequently disperse and return to individ-
ual territories within the study areas were recorded
as a flock count. This count was used as an index of
activity of non-breeding birds.

In 2006, transectswere carried out between 6May
and 24 June on Håkøya. In 2007, when removal of
crows was undertaken, transects were walked five
times before eider nesting began (during 24 April -
16 May 2007) in order to record territories where
trapping would take place. Based on the experience

from this first trapping year, the number of these
early (eider pre-breeding) transect walks required to
locate territories onHåkøya was reduced to three in
2008 (during 27 April - 14 May). Crow territory
location transects were subsequently walked over
the course of the eider breeding season at weekly
frequencies during 2007 and every five days in 2008.
Due to logistical constraints of accessing Grindøya
during late winter, crow transects began later than
on Håkøya, with location of territories being
achieved over two transect repetitions during 12-
16May, commencing on 13 and 12May in 2007 and
2008, respectively, and continued to the end of the
eider breeding season with the same frequency as
Håkøya in respective years.

Crow removal was carried out under approval by
the Directorate for Nature Management (reference
2007/1327 ART-VI-JAA 2008/4341 ART-VI-ID).
We set out 10 Larsen Traps (Game Conservancy
Trust 2007) on 14 May on Håkøya in 2007 and
Grindøya in 2008 in order to remove territorial pairs
and roaming birds utilising each area. Each trap is
compartmentalised, allowing the housing of a
caught crow in order to initiate a territorial response
of a territory holder, increasing the likelihood that it
would enter a neighbouring compartment and also
be caught. Placement of traps reflected crow territo-
ries held within the study area and/or copses situ-
ated within the main eider monitoring area. Traps
were baited with hens’ eggs and checked daily.
Caught birds were kept in traps for up to 48 hours to
improve the efficiency of the traps. These birds were
providedwith food andwater, and checked every 24
hours and thereafter humanely killed.

The effectiveness of crow removal on crow
activity was assessed by undertaking 12 paired
watches on both islands between 19 May and 29
June in 2007 and between 20 May and 27 June in
2008. Watches of one hour duration were under-
taken for each islandon subsequent days at the same
hour, with the number of crows seen within each
hour being used as an index of crow activity.
Watches were undertaken from a boat anchored
approximately 300m from the high-tide line of each
area in light tomediumbreeze and dry conditions or
light showers.

Other predator activity

Tree nesting predatory birds were recorded during
crow nest transects in all years, whilst the maximum
count of large gull nests obtained from two counts,
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the first during the end of May and the second
during mid June, were used to give a rough estimate
of gull colony size and distribution. After sightings
of stoat on both islands in 2006, stoat activity was
monitored in both areas during 2007 and 2008 using
tracking tunnels adapted from Graham & Lambin
(2002). We set out 17 tracking tunnels in the study
area on Håkøya and 16 on Grindøya during 12-16
May. Positioning of tracking tunnels reflected areas
of dense eider nesting. Tunnels were checkedweekly
throughout the eider breeding season for tracks,
and papers and ink were renewed when necessary.
Scat piles of otter located in the study areas were
checked weekly and used as evidence of otter pres-
ence.

Statistical analysis

Statistical analysis was performed using software R
2.4.1 t Development Core Team 2008). All esti-
mates are given with standard errors unless other-
wise stated.

Eider clutch size

Eider nests are vulnerable to predation throughout
the nesting attempt (Erikstad et al. 1993).Where the
main predators are crows or gulls, predationmostly
occurs when nests are unattended (Mehlum 1991,
Swennen et al. 1993). Eiders leave their nest for up to
three days at the start of egg laying with full atten-
dance starting from the second or third egg (Hans-
sen et al. 2002). During incubation, females leave
their nests for short periods every 1-3 days in order
to drink (Mehlum 1991, Swennen et al. 1993). In
addition, Erikstad et al. (1993) showed that females
with larger clutches tended to have higher survival
than those with smaller clutches. Thus, if the nests
were discovered at different stages of laying between
colonies and years and with different clutch sizes,
our estimate of nesting success could be biased. To
investigate if such biases were present in our data,
we applied log-linear models with a Poisson distri-
bution, first to the number of eggs found in the nest
upon nest discovery and second to the clutch size at
completion of egg laying. Predictor variables were
day (after 15 May), area (i.e. colony) and year. We
compared models containing the interactions be-
tween day and area and day and year (i.e. indicative
of area or year biases) to models containing the
variables day, area and year. We used Akaike’s In-
formation Criteria (AIC; Burnham & Anderson
2002) to select the best model.

Eider nesting success

We analysed eider nesting success on Håkøya and
Grindøya by applying a logistic exposure model
(Shaffer 2004) to the nest visitation data. The most
complicated model contained the interactions be-
tween area and year, day and area, day and year,
day2 and area, day2 and year, whilst the minimum
model contained area, year, their interaction and
the predictor variable day. The focal term, which is
indicative of an effect of crow removal, is the inter-
action between area and year. We based our model
selection on AIC (Burnham & Anderson 2002).
The logistic exposure model is a variation of

ordinary logistic regression, where the predicted
daily survival probability of nest i(si) is modelled as
a linear function of k predictor variables (xij, j¼1,. . .k)
using the logit link function g(i):

gðsiÞ ¼ loge

si

1� si

� �

¼ b0 þ b1xi1 þ b2xi2 þ � � � þ bkxik ð1Þ:

This formulation ensures that estimated values for si
are in the range of 0-1. The daily survival proba-
bilities can be back-calculated from the estimated
regression coefficients using:

siðxÞ ¼
eb0þb1xi1þb2xi2þ���þbkxk

1þ eb0þb1xi1þb2xi2þ���þb1xi1
ð2Þ;

where xij refers to the predictor variables day, day2,
area and year. The data available contain observa-
tions of nest survival over the time period from one
nest visit to the next. Assuming constant daily sur-
vival over time interval (t) between visits, Shaffer
(2004) made use of the following relationship be-
tween the survival probability over the interval t,
h(t), and the daily survival probability s:

h ¼ s
t ð3aÞ;

s ¼ h
1=t ð3bÞ:

The expression for s in equation 3b was entered into
equation 1 to obtain the logistic exposure link func-
tion:

hðhÞ ¼ loge

h1=t

1� h1=t

 !
ð4Þ:

When using this link function the estimated pa-
rameters in the fitted regression equations relate
directly to the daily survival probability s following
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equation 2. For the logistic regression, the models
were fitted as generalised linear models assuming a
binomial distribution for the observed nest survival
(yi) over the time interval ti, where nest survival (yi)
was coded as 0 for failed nests and 1 for surviving
nests (yi¼binomial (p¼ hi, n¼ 1)).

Assumptions underlying the logistic exposure
model are that all nests survive or fail independently
of one another and that daily survival probabilities
are homogeneous among nest days having the same
values of explanatory variables (Shaffer 2004). The
goodness-of-fit of the model was tested using the
Hosmer-Lemeshow goodness of fit test (Harrell
2001), whereby observations were split into 10
groups each covering one 0.1 quantile of the pre-
dicted daily nesting survival probabilities calculated
from themodel. v2 test with df¼8was used to assess
the fit of observed to expected values.

Crow activity

The number of crows observed in each of the 12
paired watches per year and area was analysed in a
log-linear regression model to evaluate the effect of
the removal on the general activity of crows. Be-
cause the dispersion was larger than expected com-
pared to a Poisson distribution, the observed crow
numbers were analysed using quasi-likelihood and
the variance function Vari¼qEi, where Ei and Vari
are respectively the mean and variance of the activ-
ity index for area i and q is a proportionality param-
eter (Burnham & Anderson 2002).

Results

Eider clutch size

Mean clutch size on nest discovery and on com-
pletion of egg laying (n ¼ 581) was 3.16 6 2.09
(range: 1-9) and 4.25 6 1.09 (range: 1-9), respec-

tively. Although the most appropriate model for
number of eggs at first visit included both interac-
tion terms (i.e. day*area and day*year), the inter-
action effects were too small to have a sizeable
biasing effect on our estimates of nesting success
(day*area coefficient estimate for Grindøya was
0.045 6 0.001 and for Håkøya 0.040 6 0.002;
day*year coefficient estimate was 0.036 6 0.001 for
2007 and 0.038 6 0.001 for 2008). The most ap-
propriatemodel for complete clutches included only
the intercept (adding the variable day to the con-
stant model did not lower the AIC value, D ¼ 1).
Thus there was no supportive evidence that for a
given day there was an area or year effect on the
maximum clutch size.

Eider nesting success

Hatching success over the three years on Grindøya
was approximately constant and substantially lower
than on Håkøya, which had a temporally variable
hatching success over the years (Table 1). The most
appropriate model of daily nesting success based on
all nests included the interaction between area and
year and a second order polynomial of season
(Table 2). The model fitted the data well (Hosmer
Lemeshow v2-test: v2¼ 7.71, P¼ 0.46, df¼ 8). The
interaction was due to nests on Håkøya having a
higher probability of daily nesting success in 2007
than in 2006 (Fig. 2A). The nature of the season
effect is shown inFigure 2B. The daily probability of
success increases sharply before reaching an asymp-
tote which for Grindøya in all years is about 9 June
(day 40), whereas for Håkøya the asymptote is
reached earlier, by about 30 May (day 30).

Cause of eider nest failure

Cause of failure of nests on Håkøya was difficult to
ascertain in 2006 and 2007 (eight out of 20 nestswith

Table 1. Summary of the monitoring and removal of hooded crows and common eiders from Grindøya and Håkøya during 2006-2008.
Number of crow nests shows the number of breeding attempts of which those that were successful are shown in parentheses.

Area Year

Crows

Number of eider nests Breeding
success (%)

(6 se)

Number

of nests removed seen per hour (6 se) Hatched Total

Grindøya 2006 4 (3) - 52 135 38 6 4

2007 4 (3) 26.5 6 6.1 62 159 39 6 4

2008 6 (2) 15 13.2 6 4.2 47 117 40 6 5

Håkøya 2006 5 (1) - - 30 49 61 6 7

2007 3 (0) 10 5.8 6 1.8 36 45 80 6 6

2008 1 (1) 10.6 6 3.2 28 38 74 6 4
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cause known and three out of nine nests, respec-

tively). In 2008 cause of failure could be determined

in seven out of 11 nests. Most failed nests were

found empty with no sign of predator presence at

the next visit. Although the number of nests with

known cause of failure is small, there were relatively

fewer nests predated by birds in 2007 and 2008 than

in 2006 (Table 3).

Crow numbers and removal

Table 1 summarises the results of the monitoring

and the removals of crows. The number of territo-

rial crow pairs and nesting attempts at the onset of

the breeding season ranged between four and six on

Grindøya and one and five on Håkøya over the

three study years (see Table 1). Most of the nesting

attempts failed in the years of crow removal because

most of the territorial birds were removed. Two of

the nesting pairs on Grindøya in 2008 showed no

interest for the traps and bred successfully. Nesting

attempts could, however, fail (e.g. on Håkøya in

2006) even in years of no crow removal (see Table 1).

The watches of crow activity following the re-

moval of birds showed that in 2007 Grindøya had

on average . 4 times higher activity of crows per

hour than Håkøya (see Table 1). The best model for

the effects of crow removal on crow activity in-

cluded a significant interaction between area and

year owing to opposite signed year contrasts (2007-

2008) for the colonies (Grindøya: -0.69 6 0.33, P¼
0.04; Håkøya: 1.30 6 0.60, P¼ 0.03, df¼ 42) indi-

cating that crow trapping in 2008 reduced activity

Figure 2. Predicted nesting success at Grindøya andHåkøya from
the best logistic exposure model. A) shows the back-transformed
coefficient estimates and 95% C.I. for the area*year effect with
nesting success expressed as an average for the eider nesting period
of 28 days (assumes average clutch size of four and average
incubation period of 24 days; adapted fromErikstad et al. 1993). B)
shows the estimated daily survival from all nests on the two islands
during 2006-2008 with day 1¼1 May.

Table 3. Cause of known nest failure for nests on Håkøya during
2006-2008. a indicates that one nest was predated by both a bird and
a mustelid, b indicates that an adult female was found killed near
the nest, and c that nests were empty with nest linings ripped out.

Year

Cause of nest failure

TotalBird Mustelid Deserted Unknown

2006 5 2 1 12 20

2007 1a 1b 1 6c 9

2008 2a 3 1 5c 11

Table 2. Model selection for analysis of common eider nest survival data. Scaled values of Akaike’s Information Criteria (AIC) and
Akaike’s weights (wi) are presented for three logistic exposure models. TheDAIC values are expressed in relation to the best fittingmodel.

Model AIC D AIC wi

1 Area, year, day, day2, area*year, day*area, day2*year, day*year, day2*area 1755.15 3.31 0.16

2 Area, year, day, day2, area*year 1751.84 0.00 0.83

3 Area, year, area*year 1808.54 56.70 , 0.0001
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considerably on Grindøya compared to 2007. Ac-
tivity levels on Grindøya during the crow removal
treatment were at a similar level to Håkøya activity
in 2008. Crow transects, activity watches and casual
sightings revealed very little sign of flock activity in
the two study areas. No flocks were observed on
Håkøya during the study period. On Grindøya, no
flocks were observed in 2006, whilst in 2007 one
flock of seven crowswas seen on the shore onGrind-
øya during eider nest checks. In 2008 two flocks
were seen, the first consisting of 12 crows on 17May
and the second consisting of 21 crows on 18 May.

Other predator presence

No stoat activity was registered by use of stoat
tunnels onGrindøya in 2007or 2008.OnHåkøyano
activity was registered in 2007, however, in 2008 1-4
tunnels were active during the study period. Large
gull nest counts revealed a colony size of between 20
and 25 on Grindøya in 2007 and 2008, whilst on
Håkøya the colony size varied between 18 and 20
during the same period, with between seven and
nine nests in the vicinity of the eider study area itself.
Gulls were distributed over several open areas on
both islands and the overall pattern did not change
between years. A pair of white-tailed eagles nested
on Håkøya within the study area in all years, whilst
a pair of ravens nestedwithin theHåkøya study area
in 2007 andonGrindøya in 2008.Newotter spraints
were present throughout the whole study period in
2006 and 2007, whilst in 2008 there were very few
spraints found on both islands. On Grindøya sev-
eral caches of adult female eider carcasses charac-
teristic of mink predation were found throughout
the breeding season in 2007 and 2008, whilst a few
carcasses of adult male or female eiders were found
in open areas of the island.

Discussion

Efficiency of crow removal

The pre-removal densities of breeding crows in our
study were among the highest recorded in the liter-
ature for rural and island habitats in Fennoscandia;
6.15 nests km-2 forGrindøya and 7.81 nests km-2 for
Håkøya (cf. Loman 1980, Erikstad et al. 1982,
Munkejord et al. 1985, Parker 1985). Crow trapping
reduced both the number of territorial nesting crows
and the general crow activity in both of the studied
eider colonies. Similar crow removal success has
been recorded in long-term studies of nest predation

of willow ptarmigan Lagopus lagopus, black grouse
Tetrao tetrix and capercaillie Tetrao urogallus (Par-
ker 1985, Summers et al. 2004). Re-colonisation by
breeding pairs on Håkøya in 2008 was not rapid,
suggesting that recruitment into vacant breeding
territories at this location was not high in 2008. This
is in agreement with the results presented by Parker
(1985) and Summers et al. (2004), who also recorded
depressed number of territories following trapping
in previous years.

Presence and effects of other predators

Although we have no direct evidence of predation
events, we assume that the majority of the events
were primarily due to egg loss during nest absence.
Egg predation in the presence of the incubating
female could be carried out by mammalian preda-
tors (i.e. mink and otter) as well as birds of prey (e.g.
white-tailed eagles), but would then be expected to
result in incidents of adult female predation. The
small number of carcasses in the colonies or signs of
kills at nests indicate that predation of incubating
females occurred infrequently. Besides crows, large
gulls were the numerically most abundant predator
in both breeding colonies. Although gulls can be a
major predator of eider eggs (Mehlum 1991, Noel et
al. 2005) studies exist to show that eiders nesting
within gull colonies have higher nesting success due
to nest defence responses of gulls to general preda-
tors (Gerell 1985, Götmark & Åhlund 1986). Thus,
we cannot be conclusive regarding the role of large
gulls in our study.

Area and time dependant predation rate

It appears that different processes control nest
predation in the two studied eider colonies. Nest
predation was not compensated by other predators
in the year of crow removal on Håkøya and thus it
appears that crows had a measurable effect on this
colony’s nesting success. However, on Grindøya,
which generally had a much higher predation rate
thanHåkøya, the experimentally reduced activity of
crow had no effect. In lack of specific data regarding
which predators were responsible for the high nest
losses on Grindøya, we can only speculate about
what could have caused the difference between the
two eider colonies. Eider nest density was higher on
Grindøya than on Håkøya, but whether this differ-
ence led to differences in predator detection proba-
bilities or predator defence is unclear. The effect of
nest density on nest survival is balanced by the op-
posite effects of predator attraction (causing nega-
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tive density dependence) and predator dilution

(causing positive density dependence; Ims 1990).

Ahlén&Andersson (1970) andMehlum (1991) have

shown that eiders breeding at high densities have

lower predation rates than those breeding at lower

densities. However, Gunnarsson & Elmberg (2008)

found the opposite effect for mallards Anas platy-

rhynchos. Which of the two opposing processes is

dominating can be expected to be determined by the

specific functional response and the mobility of the

predators in question (Ims 1990). Thus a possible

interpretation of the lack of response to crow re-

moval on Grindøya is that some of the other preda-

tors present responded rapidly and compensated for

the removal of crows. Indeed, the general impres-

sion from our observation of predators is that pred-

ator numbers and activity levels were generally

higher on Grindøya than on Håkøya.

Another difference between the two colonies that

may have influenced the outcome of our experiment

is the level of disturbance to which nesting eiders

were exposed. The probability of nesting failure is

likely to be proportional to the length of time eiders

leave their nest unattended. Thus a higher level of

compensatory predation may have been facilitated

by a higher level of nesting disturbance on Grind-

øya. Bolduc & Guillemette (2003) have shown that

human disturbance can have a negative effect on

eider nesting success. Thus, the ultimate cause of

constantly low nesting success on Grindøya could

be disturbance which then creates a constant win-

dow of opportunity for predators. This would result

in crows being an efficient predator species even

when present at low densities. When crow numbers

are reduced, a relatively larger number of other

predator species can compensate to maintain a

constant level of nest predation.

Modelling of daily nesting success probabilities

revealed that nests found at the start of the season

had a much lower probability of success than nests

found later on in the season. Similar seasonal effects

have been found for crow predation on artificial

eider nests placed in eider colonies in southwestern

Sweden (Götmark & Åhlund 1986), and glaucous

gull Larus hyperboreus predation on eider nests in

Svalbard (Mehlum 1991). In contrast, (Milne 1974)

showed that the proportion of eider nests being

destroyed in a northeastern Scottish colony by car-

rion crow Corvus corone and herring gull increased

as the season progressed.

Predation effect on eider population

Small island populations of birds can be subject to

extreme predation pressure (Bell & Merton 2002).

In the case of the common eider, site philopatry is

high (Bustnes & Erikstad 1993), suggesting that

this species forms closed island populations rather

than island colonies forming subunits of a larger

scale population. Resilience of small populations is

lower than for large populations and so the

potential for irreversible decline of the local eider

populations could be high. Adult eiders have high

annual survival with delayed sexual maturity and

so population growth rate is less sensitive to re-

productive parameters than to adult survival (Sæ-

ther & Bakke 2000). In the case of the Grindøya

population adult female survival has declined from

an average . 80% during 1986-2002, to , 70%

between 2003 and 2006with the lowest level of 51%

for 2004-2005 (Anker-Nilssen et al. 2007, 2008).

Whether this is due to increasedmortalitywithin or

outside the nesting period is not clear, as we do not

know whether proportion of carcasses found on

the island represents adult true nesting mortality.

However, in the light of the long-term decline of

this population, reproductive parameters might be

more sensitive to predation or environmental

variability than adult survival (Gaillard & Yoccoz

2003), overriding the difference in sensitivity be-

tween reproductive and survival parameters. Thus,

reproductive parameters may be important to the

population growth rate in terms of impacts of

predation. Indeed, in an analysis of eider popula-

tion trends using a time series of 57 years, Hario &

Rintala (2006), concluded that this species can be

subject to population declines during prolonged

periods of reduced breeding success. The clutch

size of eiders is small compared to that of other sea

duck species (Andersson&Waldeck 2006) and nest

loss is not compensated for by laying of a

replacement clutch. Nesting success may be im-

portant to population growth rates as seen in a

ground nesting duck, the mallard (Hoekman et al.

2002). Bell & Merton (2002) and Bolton et al.

(2007) conclude that the removal of ground nest

predators can be an effective short-term solution to

ease the pressure on small and/or declining ground

nesting bird populations. However, as shown in

our study the effect of such management actions

targeting one predator species may not be efficient

everywhere.
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Conclusion

Our study demonstrated generally contrasting
nesting success and responses to crow removal in
two nearby eider colonies in northern Norway both
of which have over the last decades been subject to
severe declines in number of breeding birds. While
eider nesting success appeared to respond positively
to crow removal in a colony with a generally high
nesting success (Håkøya), the nesting success was
not improved by reducing the number of crows in
the other colony (Grindøya) which generally had
much lower breeding success. On Grindøya, other
processes apparently compensated for the expected
reduction in crow predation. Possible explanations
could be that crows are not important predators of

eider nests on Grindøya, or that disturbance is the
ultimate cause of nest predation, allowing compen-
satory predation by other predators present in the
colony. Crow trapping can therefore not be ex-
pected to be an effective management action for
conservation of all declining populations of com-
mon eider. Further investigation should be under-
taken to determine the role of differing predator
species on eider nesting success by for example use
of photographic evidence. This will help to indicate
when crow removal can be effective and which tech-
niques can otherwise be employed in order to suc-
cessfully improve eider nesting success.
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Götmark, F. & Åhlund, M. 1986: Nest predation and nest

site selection among eiders Somateria mollissima: the

influence of gulls. - Ibis 130: 111-123.

Graham, I. & Lambin, X. 2002: The impact of weasel

predation on cyclic field-vole survival: the specialist

predator hypothesis contradicted. - Journal of Animal

Ecology 71: 946-956.

Gunnarsson, G. & Elmberg, J. 2008: Density-dependent

nest predation - an experiment with simulated mallard

nests in contrasting landscapes. - Ibis 150: 259-269.

Hanssen, S.A., Engebretsen, H. & Erikstad, K.E. 2002:

Incubation start and egg size in relation to body reserves

in the common eider. - Behavioral Ecology and Socio-

biology 52: 282-288.

Hanssen, S.A.,Hasselquist,D., Folstad, I.&Erikstad,K.E.

2005: Cost of reproduction in a long-lived bird: incuba-

tion effort reduces immune function and future repro-

duction. - Proceedings of the Royal Society B-Biological

Sciences 272: 1039-1046.

Hario, M. & Rintala, J. 2006: Fledgling production and

population trends in Finnish common eiders Somateria

mollissimamollissima - evidence for density dependence. -

Canadian Journal of Zoology 84: 1038-1046.

Harrell, F.E. 2001: Regression modelling strategies: with

applications to linear models, logistic regression, and

survival analysis. - Springer, New York, USA, 568 pp.

Hoekman, S.T.,Mills, L.S., Howerter, D.W., Devries, J.H.

& Ball, I.J. 2002: Sensitivity analyses of the life cycle of

midcontinent mallards. - Journal of Wildlife Manage-

ment 66: 883-900.

Ims, R. 1990: On the adaptive value of reproductive

synchrony as a predator-swamping strategy. - American

Naturalist 136: 485-498.

Jenkins, D., Watson, A. & Miller, G. 1964: Predation and

red grouse populations. - Journal of Applied Ecology 1:

183-195.

Johnson, D.H. 2007: Methods of estimating nesting suc-

cess: an historical tour. - Studies in Avian Biology 34: 1-

12.

Jones, D.D., Conner, L.M., Warren, R.J. & Ware, G.O.

2002: The effect of supplemental prey and prescribed fire

on success of artificial nests. - Journal of Wildlife Man-

agement 66: 1112-1117.

Loman, J. & Göransson, G. 1978: Egg shell dumps and

crowCorvus cornix predation on simulated birds’ nests. -

Oikos 30: 461-466.

Loman, J. 1980: Reproduction in a population of the

hooded crowCorvus cornix. -Holarctic Ecology 3: 26-35.

Luginbuhl, J.M., Marzluff, J.M., Bradley, J.E., Raphael,

M.G. & Varland, D.E. 2001: Corvid survey techniques

and the relationship between corvid relative abundance

and nest predation. - Journal of Field Ornithology 72:

556-572.

Marzluff, J.M. & Neatherlin, E. 2006: Corvid response to

human settlements and campgrounds: Causes, conse-

quences, and challenges for conservation. - Biological

Conservation 130: 301-314.

Martin, T.E. 1993: Nest predation and nest sites. - Bio-

science: 43: 523-532.

Mehlum, F. 1991: Egg predation in a breeding colony of the

common eider Somateria mollissima in Kongsfjorden,

Svalbard. - Skrifter, Norsk Polarinstitutt, pp. 37-45.

Milne, H. 1974: Breeding numbers and reproductive rate of

eiders at Sands of Forbie National Nature Reserve,

Scotland. - Ibis 116: 135-154.

Munkejord, A.A., Hauge, F., Folkedahl, S. & Kvinnes-

land, A. 1985: Nest density, breeding habitat and repro-

ductive output in a population of the hooded crow

Corvus corone cornix on Karmøy, SW Norway. - Fauna

Norvegica, Series C, 8: 1-8.

Neatherlin, E.A. & Marzluff, J.M. 2004: Responses of

American crow populations to campgrounds in remote

native forest landscapes. - Journal of Wildlife Manage-

ment 68: 708-718.

Newton, I. 1998: Population limitation in birds. - Academic

Press, London, UK, 597 pp.

Noel, L.E., Johnson, S.R., O’Doherty, G.M. & Butcher,

M.K. 2005: Common eider Somateria mollissima v-

nigrum nest cover and depredation on Central Alaskan

Beaufort Sea Barrier Islands. - Arctic 58: 129-136.

Parker, H. 1985: Effect of culling on population size in

hooded crowsCorvus corone cornix. -Ornis Scandinavica

16: 299-304.

R Development Core Team 2008: R:c language and

environment for statistical computing. - R foundation

for Statisitical Computing, Vienna, Austria. ISBN 3-

900051-07-0. Available at: http://www.r-project.org/U

(Last accessed on 25 November 2009).

Sæther, B-E. & Bakke, Ø. 2000: Avian life history variation

� WILDLIFE BIOLOGY 16:2 (2010) 133



and contribution of demographic traits to the population

growth rate. - Ecology 81: 642-653.

Schneider, M.F. 2001: Habitat loss, fragmentation and

predator impact: Spatial implications for prey conserva-

tion. - Journal of Applied Ecology 38: 720-735.

Shaffer, T.L. 2004: A unified approach to analyzing nest

success. - Auk 121: 526-540.

Sinclair, A.R.E. 1989: Population regulation in animals. -

In: Cherett, J.M. (Ed.); Ecological concepts. Blackwell

Scientific Publications, Oxford, UK, pp 197-241.

Soh, M., Sodhi, N., Seoh, R. & Brook, B. 2002: Nest site

selection of the house crow Corvus splendens, an urban

invasive bird species in Singapore and implications for its

management. - Landscape and Urban Planning 59: 217-

226.

Statistics Norway 2009: Tabell 1902, 1902 Tromsø. Folke-

mengde 1 januar og endringer i året - Central Office of
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