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In recent decades, the Baltic-Wadden Sea flyway population of Eiders has undergone marked
changes, first experiencing a steep increase during the 1970s and 1980s, followed by a marked
decline during the 1990s. There have been several reported incidences involving mass simulta-
neous mortality amongst this population during the period of decline, each of which were insuf-
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The present thesis describes the overall population development in the Baltic-Wadden Sea
flyway population of Eiders. In relation to the recent population decline, the thesis addresses the
occurrence of epidemic disease, parasite infestations and the implications of hunting in relation
to population development. The concept of body condition is introduced as a common currency,
because the role of body condition in relation to population trends has not often been discussed
in the literature. Finally, the synopsis is used to discuss the potential conservation measures
that may be introduced and which might help in restoring the unfavourable development of the
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1 Synopsis

1.1 Setting the scene

History and status of the Baltic-Wadden Sea Eider
flyway population

Based on analyses of genetic variation, the Common
Eiders Somateria mollissima (Linné 1758) in NW
Europe apparently originate from a single Pleistocene
refugium located in ice-free areas in the Kattegat/
Skagerrak region during the last glacial period. This
ancestral population has subsequently colonised the
emerging Baltic Sea area, and spread to Sweden, Fin-
land and the Baltic countries (Tiedemann & Noer
1998, Tiedemann et al. 2004). The same genetic analy-
ses indicate a subsequent stepwise postglacial colo-
nisation of NW Europe, via the North Sea to the Faroe
Islands and to Iceland.

Given the contemporary migration patterns of
present populations, Eiders breeding in the Baltic Sea
area, Denmark, Germany and in the Netherlands
constitute a discrete biological unit, a so-called fly-
way population, based on common wintering
grounds (southern Baltic Sea, inner Danish waters
and the Wadden Sea, Swennen 1990, Noer 1991).
Eiders nesting in Denmark, western Sweden, Ger-
many and The Netherlands are resident or partly
migratory, whereas Eiders in southern Norway, east-
ern Sweden, Finland and the Baltic countries are
completely migratory (Cramps & Simmons 1977,
Noer 1991). Eiders in this flyway population rarely
mix with Eiders originating from birds from the Brit-
ish Isles and other North Atlantic populations, of
which many are strictly resident (Kear 2005).

Historically, Eiders in the Baltic-Wadden Sea fly-
way population seemingly underwent a southward
expansion from their northern breeding areas to col-
onise the German North Sea coast in the late 18th and
early 19" century (Bauer & Glutz von Blotzheim
1969). In 1906, the first nests were found in the Neth-
erlands (van Heurn 1952). During the first half of the
20th century, expansion and growth of the colonies
continued throughout the Baltic-Wadden Sea area
(Almkvist et al. 1975, Hario & Selin 1988), although
at a relatively slow rate. A marked increase in the
Baltic populations has subsequently been observed
at several colonies in the second half of the 20th cen-
tury, and especially during the 1970s and 1980s (cf.
Bregnballe et al. 2002, Hario & Selin 1988, 2002), an
increase that likewise has been reflected in national
breeding totals (Paper 1).

The reasons for the dramatic increases in popula-
tions during the 1970s and 1980s are not well known.
The most obvious explanation proposed, is that
increased environmental eutrophication during this
period had lead to an increase in primary production
in coastal waters, and hence, resulted in improved
foraging conditions for Eiders (cf. Hario & Selin
1988). Eutrophication and higher primary produc-
tion improve conditions for filter feeding animals
(e.g., Wolowicz et al. 2006), and of these blue mussels
Mytilus edulis constitute an especially important prey
species for the Eider (e.g., Madsen 1954, Nehls 1989,
Nehls 1995, Leopold et al. 2001).

By the end of the 1980s and early 1990s, reports
from different breeding populations showed that the
increase had peaked and that numbers had begun to
decrease. Estimates from Finland suggest that their
colonies declined at a rate of 6-7 % annually from that
time (Hario & Selin 2002, Hario & Rintala 2006), and
a comparable decline of 38 % in breeding numbers
between 1993 and 2000 has also been documented in
a single Danish colony (Christensen & Noer 2001).

The overall magnitude of the decrease in the Bal-
tic-Wadden Sea flyway population between c. 1990
and c. 2000, has been estimated at around 36 % (Paper
1), based on midwinter counts of Eider. The number
of wintering Eiders in Danish waters decreased dur-
ing this period from c. 800000 to c. 380000 (Laursen
et al. 1997, Pihl et al. 2001), suggesting that the over-
all population probably experienced a decrease from
c. 1.2 mill. to c. 760000 individuals (cf. Delaney &
Scott 2002, Delaney & Scott 2006, Paper 1). On the
basis of such a dramatic decline, the Eider in the Bal-
tic-Wadden Sea flyway population may presently
qualify as a species of conservation concern, even
though there is evidence that the declines have
stopped in some areas (Hario & Rintala 2006), and
that the actual overall size of the Baltic-Wadden Sea
population has probably been underestimated his-
torically. Application of distance sampling model-
ling in 2004 to estimate population size rather than
attempting to undertake complete counts as during
previous winter surveys of waterfowl in Danish
waters, suggest that the numbers present there are
closer to 600000 (Petersen et al. 2006) than to the
380000 counted in the 2000 survey (Pihl et al. 2001).
This may result in a revision of the overall Eider pop-
ulation estimates, because new areas were also
included in the 2004 survey, but do not affect the
overall magnitude of the population decline. It is
unlikely that wintering Eiders in Danish waters have
completely changed their former distributional pat-
tern sometimes during the 1990s enough to affect the
national totals (Paper 1).

Acknowledging the recent decreases in the Baltic-
Wadden Sea, the Sea Duck Specialist Group of Wet-
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land International arranged a workshop in Estonia in
2002 to compile information on the status and distri-
bution of Eiders within the flyway, and likewise to
discuss potential causes for the population decline.
At that meeting, it became clear that the population
decline, based on winter surveys, was not matched
by comparable declines in breeding numbers moni-
tored on different parts of the breeding grounds,
which have shown remarkably stable trends through-
out the range (Paper 1). To explain this discrepancy
between reductions on the winter grounds and stable
breeding numbers, five hypotheses were proposed.
These were:

(i) that earlier recruitment from the young (2-3 year
old) non-breeding segment of the populations
resulted in a reduction in age of first breeding
that masked any change in absolute breeding
numbers

(ii) that major reductions in the Swedish breeding
population had occurred unnoticed (e.g. because
no complete surveys of the important breeding
areas of the Stockholm archipelago had taken
place since the early 1980s; Andersson 1985,
Svensson et al. 1999),

(iii) improved breeding survey methods in recent
years had been more effective in locating propor-
tionally more breeding birds, despite a real over-
all decline

(iv) poorer coverage of Danish waters during recent
winter surveys and/ or

(v) there has been changes in winter distribution of
Eiders (Paper 1).

Based on general assessments of survey tech-
niques and survey coverage of both breeding and
wintering Eiders, the two most likely explanations
for the apparent discrepancy between wintering and
breeding numbers were considered to be the result of
shortcomings in our ability to monitor breeding and
wintering number correctly and/or as a result of an
unknown buffering effect of non-breeders recruiting
into breeding classes, which would not feature as a
change in breeding abundance over time (Paper 1).
Assuming that the declines in the flyway populations
are mainly related to a decrease in the female seg-
ment of the population (see below), this last hypoth-
esis implies that an earlier breeding age amongst the
young, normally non-breeding segment, may have
compensated for an actual reduction in the numbers
of older, experienced breeding element of the popu-
lation, and in this way rendered breeding popula-
tions stable, assuming some kind of density depend-
ence that controls the numbers of potentially availa-
ble nest sites. In this way, the average age of first
breeding will have fallen dramatically, but the abso-
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lute numbers breeding may not have changed,
despite the overall population decline which would
have only been recognisable in the total population
as a whole based on winter surveys.

There seems to be no obvious single explanation
for the recent decline in the Baltic-Wadden Sea Eider
population. On a large scale, continued eutrophica-
tion, global warming and commercial exploitation of
mussels, may have had an adverse effect on foraging
conditions for Eiders, which in turn may have conse-
quences for both survival and reproduction. On a
smaller scale, several Baltic populations have experi-
enced increased local predation pressure from both
mammalian (Paper 1) and avian predators (Kilpi &
Ost 2002), outbreaks of epidemic diseases on the
breeding grounds, affecting both adult female and
juvenile survival (Hollmén et al. 1996, Hollmén et al.
2002, Paper 2, Paper 3). In addition, there have been
frequent reports of parasite infections (Hario et al.
1992, Hario et al. 1995) and large scale ‘die-offs” in
some years on the wintering grounds (thought to be
the result of starvation (Fleet 2001, Camphuysen et
al. 2002). All of these factors have undoubtedly had
some influence on population development of the
Baltic Eiders.

The magnitude and speed of the population
decline suggests that the declines cannot be explained
by any one factor alone. However, the relative impor-
tance of factors such as epidemic diseases and para-
site infestations, winter mass die-offs and increased
predation may have increased accordingly. In the
present thesis, I describe the overall population
development in the Baltic-Wadden Sea flyway popu-
lation of Eiders (Paper 1), and address the occurrence
of epidemic disease (Paper 2, Paper 3), parasite infes-
tations (Paper 10) and the implications of hunting
(Paper 4, Paper 5) in relation to population develop-
ment. To be able to assess the relative contribution of
these various factors in relation to changes in both
adult and duckling mortality and to reproductive
ability and success, I introduce the concept of body
condition as a common currency (Paper 6, Paper 7,
Paper 8, Paper 9). Because the role of body condition
in relation to population trends has not often been
discussed in the literature, emphasis is placed on this
element in the synopsis. I likewise discuss the poten-
tial conservation measures that may be introduced
and which might help in restoring the unfavourable
development of the Baltic Eider populations.

1.2 The significance of body condition

The Eider is a long-lived, seasonal monogamous and
colonial breeding sea duck that is characterised by
low annual reproductive rates and high annual adult
survival rates (Coulson 1984, Swennen 1991b). The



Eider is considered to be a capital breeder (Meijer &
Drent 1999), because females rely on endogenous
energy stores accumulated during late winter and
spring for reproduction. In preparation for breeding,
female Eiders increase their body mass by c. 20 %
above winter levels during the period before breed-
ing (Milne 1976), while investment of these stores in
eggs (normally 4-5 per clutch) and in self-mainte-
nance during the incubation period of c. 26 days,
(when the females do not feed) results in loss of up to
40% of pre-laying body mass (Korschgen 1977, Park-
er & Holm 1990). Thus, by the end of incubation,
female Eiders may be markedly emaciated, and some
may even approach the critical level of c. 1,100 g
where death by starvation is inevitable (Korschgen
1977). On top of their emaciated condition at the time
of hatch, female Eiders face the task of rearing their
ducklings in shallow water areas that often consti-
tute suboptimal foraging habitats for adult Eiders
(e.g. Gorman & Milne 1972), conditions that may add
further energetic stress to brood tending Eider
females.

Considering the energetic demands imposed by
reproduction, it is perhaps not surprising that Eiders
have been found to adjust their reproductive invest-
ment in accordance with their body condition, e.g.,
change clutch size (Erikstad et al. 1993, Hanssen et al.
2002, Hanssen et al. 2003a), abandon their nests (Bur-
geon et al. 2006), abandon ducklings or engage in
brood care (Bustnes & Erikstad 1991, Ost 1999, Ost et
al. 2002, Ost et al. 2005), and even skip breeding (cf.
Coulson 1984, Swennen 1991b, Christensen & Noer
2001). Given their long life span of up to 25-30 years,
these adjustments could be interpreted as adaptations
to cope with the trade-off between current reproduc-
tive investment and safe-guarding their own long-
term survival probabilities and hence secure life-time
reproductive success, as predicted by life-history the-
ory (e.g., Stearns 1992) and parental investment theory
(e.g., Trivers 1972, Coleman & Gross 1991). The recent
range of excellent studies revealing the condition
related investment and behavioural reproductive
strategies adopted by eider, has recently led to consid-
eration of body condition acting as an ecological con-
straint, operating in a manner similar to extrinsic fac-
tors such as availability of breeding sites, food and
mates (Ost et al. 2003b).

The dramatic energetic investment imposed by
reproduction in Eiders emphasises the importance of
the accumulation of resources for Eider females, the
only sex which engages in direct reproductive invest-
ment (egg-laying, incubation and brood care). Given
that more ducklings hatch and leave the nests from
large clutches than from small clutches (Erikstad et
al. 1993), and that duckling survival is higher amongst
solitary broods than amalgamated broods (Ost et al.

2003a, Ost et al. 2003b), the best reproductive strate-
gy for Eiders should be to lay large clutches and to
care for own ducklings until fledging. Since large
clutches and solitary brood care are positively corre-
lated with female body condition, optimal resource
accumulation is essential for optimal reproduction.
Early pair formation (late autumn, early winter,
Spurr & Milne 19776), stable pair bonds, and male
mate guarding (Hario & Hollmén 2004, Paper 6) are
all apparent strategies that enable females to secure
undisturbed foraging time in preparation for repro-
duction.

Generally, an individual’s ability to store resourc-
es is linked to its structural size. In birds, the benefits
of being large relative to population mean range from
direct superiority in competition for mates and
resources, to benefits relating to other size-depend-
ent physical and/or physiological relations such as a
larger capacity for energy storage and endurance,
lower relative heat loss and more effective utilisation
of stored energy reserves (reviewed by Bluhm 1992,
see references herein). Although there are obvious
benefits associated with structural size, individuals
of similar size may not always be of equal “quality”.
In fact, variation in the body condition of individu-
als, expressed as the body mass relative to structural
size, can be a more reliable measure of the ability of
an individual to meet its present and future needs.
For instance, body condition is known to have a
major influence on individual decision-making in
many aspects of life (breeding, moulting, migration),
and to influence on survival probabilities in both
adults and juveniles, not only in birds, but in a wide
range of animal species (e.g., Cargnelli & Neff 2006,
Reading 2007, Roche et al. 2007, Wheatley et al. 2007).
Blums et al. (2005) showed that among traits closely
associated with fitness components in waterfowl,
body condition covaries with both reproductive and
survival components of fitness, whereas weaker cor-
relations were found with measures of structural
size. Consequently, in a given season or in relation to
a given activity, measures of individual body condi-
tion may be considered a better predictor of individ-
ual quality than structural size alone.

As the body condition of an individual reflects
the surplus or deficit of expendable energy resources
that is available to an individual, changes in the aver-
age body condition probably have more wide-rang-
ing implications on population development than
just affecting reproduction. For example, Eiders are
generally capable of mounting an immune response
when experiencing infectious organism or extreme
physiological stress that may affect individual fitness
(Hanssen et al. 2003b). However, the cost of immu-
nocompetence is high, and if mounted, the associated
costs may have severe consequences on individual
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survival (Hanssen et al. 2004). In the Eider, indica-
tions of immunosuppression have been shown in
females of low body mass late in the incubation peri-
od and in females that subsequently abandon their
brood (Hanssen et al. 2003b), suggesting that when
stressed by the cost of their investment in breeding,
females avoid mounting a costly immune response
that would further jeopardise their energy balance.
These results suggest that if the average body condi-
tion of female Eiders in a given population is low-
ered, these populations would in all probability be
more vulnerable to stressors such as disease, parasite
infection, contaminants (e.g., heavy metals) and poor
foraging conditions, as they may be more reluctant to
mount costly immune responses, or may even be
unable to do so effectively.

1.3 Explanations for population increase

The marked increases in the Eider populations origi-
nating in the Baltic-Wadden Sea flyway during the
1970s and 1980s occurred along with a general
increase in the level of eutrophication (see Ronki et
al. 2005). Since filter feeding bivalves, the main prey
of Eiders, generally benefit from a higher primary
production associated with eutrophication, Eiders
may have benefited from increasing populations of
bivalves (cf. Hario & Selin 1988). Better foraging
opportunities would lead to enhanced reproductive
output, i.e. individuals in better body condition lay
larger clutch sizes (e.g., Hanssen et al. 2003a) and
produce more ducklings that go on to survive (Ost et
al. 2003b). That there has been an increase in average
general body condition of Eiders in the Baltic-Wad-
den Sea flyway population during the period of pop-
ulation increase is supported by a marked increase in
average clutch size recorded during this period
(Hario & Selin 2002). Likewise, during the subse-
quent population decline, Eider females were found
to have significantly smaller clutch sizes and weigh
less than during the period of population increase,
specifically amongst those cohorts recruiting during
the population decrease (Hario & Selin 2002). Thus, it
seems likely, that the population increase during the
1970s and 1980s has been related to a general improve-
ment in foraging conditions of Eiders throughout the
flyway that have for some reason enabled females to
attain better body condition than in earlier times.
This may well relate to enhanced food availability
linked to the general eutrophication of Baltic waters,
as indicated by Hario & Selin (1988).

That the population increase during this period
has been substantial, is emphasised by the fact, that
hunting of Eiders continued without a check to the
population increase, and in Danish waters alone the
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harvest accounted for between 130000 and 150000
individuals annually (Noer et al. 1995, Paper 4). Thus,
the population increase occurred despite this sub-
stantial hunting off-take from the population,
although the effect may have been to depress the rate
of population increase below its potential (attained
in the complete absence of hunting-related mortali-
ty), especially as adult birds constituted a high pro-
portion of the total bag (Noer et al. 1995).

Although no other macro-environmental factor
than the general increase in the level of eutrophica-
tion has been proposed as an explanation for this
increase in the Eider populations, Eiders may have
benefited from changes in human behaviour during
the past 40-60 years. Historically, Eiders have been a
natural resource providing supplementary meat,
eggs and down to human households. However, the
importance of such semi-subsistence exploitation has
decreased or ceased in the Baltic area during the mid
20th century, potentially relaxing persecution that
previously may have restrained the development of
Eider populations. Likewise, a widespread practice
of persecution of avian raptors during the 19th and
early 20th century and extensive use of chemicals
that affected survival and fecundity in top predators
may have reduced the level of natural predation on
Eiders, thereby providing conditions to enable popu-
lation increase. Although there exists no detailed
information of historical changes in human exploita-
tion of Baltic Eiders and of historical changes in the
level of avian predation, the population increase dur-
ing the 1970s and 1980s may have benefited from
such general changes.

1.4 Explanations for population decrease

Basically the decline in the overall size of the Baltic
Eider population indicates that the current mortality
rates among old established breeders are higher than
the current reproductive output and associated
recruitment rates. Thus, to explain the population
decline, Eider populations may either have experi-
enced increased adult mortality and/or decreased
reproductive success.

1.4.1 Adult mortality

Generally the average adult survival of Eiders is
high, ranging between 80 % and 95 % (Coulson 1984,
Swennen 1991b, Hario & Selin 2002), and assessed
from matrix population models (Caswell 1989), adult
survival is the primary determinant of population
dynamics of Eider populations (Noer et al. 1996).
Thus even small changes in the average adult sur-
vival rate have large implications on population
development, especially in the long term.



Disease

During the recent population decline, outbreaks of
avian cholera epidemics have at least caused the
death of 5-6000 breeding females in Danish and
Swedish colonies. Although some colonies may have
been affected without being known, and avian chol-
era unquestionable have had significant impact on
survival rates in the local colonies, the total number
succumbed during the recorded epizootics most
probably only explain a fraction of the total popula-
tion decline of c. 400000 birds. Consequently, avian
cholera is probably of relatively little importance
considering the present minimum population size of
¢. 250000 breeding pairs (which do not include Swed-
ish birds, Paper 1).

Outbreaks of avian cholera, caused by the bacte-
ria Pasteurella multocida, among European Eiders was
first recorded in the Nether-
lands in 1984 (Swennen &
Smit 1991), but has long been
of concern among waterfowl
in North America (c.f. Botzler
1991, Skerratt et al. 2005). In
Denmark and Sweden, sev-
eral Eider colonies were sub-
ject to outbreaks of avian
cholera in 1996 and in 2001
and 2003, in which up to 90 %
of the breeding females in
local colonies died (Ziesemer
& Riger 1997, Persson 1998,
Paper 2, Paper 3). Generally,
females were found dead on
full laid clutches early in the
incubation period showing
no sign of emaciation, sug-
gesting that the cause of death
was related to acute infection
and not affected by individu-
al differences in, e.g., body
condition or age. Clinically,
the cause of death was deter-
mined to multifocal, necrotis-
ing hepatitis (Paper 2).

Since no epidemics have
been reported between 1984
and 1996 (Paper 2) despite
intensive work in eider colo-
nies during this period, and
since the bacteria are only
able to survive in water or
soil for some month (Blan-
chong et al. 2006), the most probable explanation for
the reoccurrence of cholera epizootics is that the bac-
teria was present in healthy carriers during the inter-
mediate period (Botzler 1991, Paper 2). Such healthy

carriers have been documented among both winter-
ing and breeding Eiders, although at an extremely
low frequency (Korschgen et al. 1978). That healthy
carriers of avian cholera probably are present within
the Baltic Eider populations infer that new outbreaks
may occur, and that this disease may have long-term
implications for population development, although
there is no indication that avian cholera is fully
responsible for the recent population decline.

Avian cholera may be a recurrent disease in
Eiders populations in the coming years, as indicated
by the striking increase in outbreak frequency since
the first record in 1984, the intervals between out-
breaks being 12 years, 5 and 2 years, respectively.
Hypothetically, such an increase in outbreak fre-
quency may indicate that the long-term resistance of
healthy carriers may have declined, e.g., carriers

Photo 1. A pile of dead Eiders (mostly females) which succumbed during the epiz-
ootic caused by avian cholera in the Stavns Fjord colony in Denmark in 1996. Some
gulls (to the right) have probably died from scavenging on dead Eiders.

Photo: Thomas Kjeer Christensen.

being more frequently stressed by, e.g., environmen-
tal factors, lowered food availability or high parasite
loads, assuming that such stressors affects a general
ability to depress latent diseases from emerging.
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As avian cholera is highly contagious and infec-
tions are lethal, Eider populations are extremely vul-
nerable, as they are both colonially breeding and
highly gregarious during winter. There seems no way
that Eiders may mitigate or adjust to the presence of
avian cholera to minimise the risk of epidemics, other
than to loosen their gregarious behaviour. There
exists some evidence of changed distributions of
Eiders in the breeding areas in relation to increasing
predator populations (Paper 1), and such changes
may explain why avian cholera epizootics have not
been recorded in breeding colonies since 2003. How-
ever, in the enormous Finnish and Swedish archipela-
gos, minor outbreaks among breeding Eiders may
easily have taken place undetected, especially if
Eiders breed increasingly dispersed, rather than in
large conspicuous colonies. The spread of avian chol-
era from Danish wintering grounds to breeding colo-
nies in the Baltic in 1996 was probably mediated by
carriers becoming infectious on the common winter-
ing grounds, which in 1996 was confined to relatively
few open water foraging areas due to severe ice for-
mation (DMI 1996), and hence resulted in very high
bird densities. Thus the future risk of major outbreaks
may be considered higher in years were severe ice
conditions on the wintering grounds results in high
Eider densities, as the disease subsequently may be
carried into breeding colonies throughout the flyway,
where avian cholera, by selectively removing the
most fecund females, will have an enormous poten-
tial impact both qualitatively and quantitatively.

Winter mortality and parasites

Besides the outbreaks of avian cholera, a large
number of Eiders succumbed to starvation during
the massive die-offs recorded in the Dutch and Ger-
man Wadden Sea during the winters 1999/2000 to
2001/2002 (Fleet 2001, Camphuysen et al. 2002, Ens
et al. 2002, Paper 1). The most marked die-offs were
recorded during 1999/2000, where c. 25000 dead
birds were estimated to washed ashore, while some-
what lower numbers were recorded in the subse-
quent two winters (Camphuysen et al. 2002, Ens et al.
2002). Given that most birds that died were juvenile
birds (based on recoveries of Danish and Finnish
rings, see Camphuysen et al. 2002), the impact from
these winter die-offs on the populations throughout
the flyway may not have been immediately detecta-
ble in local surveys of breeding colonies. It seems
more likely that the high mortality during these win-
ters has affected subsequent recruitment rates
throughout the range, an effect that would manifest
in the years following the documented population
decline mainly taken place during the 1990s, and
likewise will contribute little to continued popula-
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tion decline, as the die-offs involve relatively few
fecund adult females.

Interestingly, Eiders that died during these winters
were found to harbour very high loads of acan-
thocephalan parasites in their intestines (Paper 10),
which lead to discussions of the potential contribution
of parasites to the emaciated state of Eiders, and even
whether high parasites infection levels were the pri-
mary cause of mortality (cf. Camphuysen et al. 2002).

Several parasite species have been described to
cause lesions and disruptions to the alimentary tract
(Watson et al. 1987, Connors & Nichol 1991), to cause
alteration in metabolic rates (Connors & Nickol 1991,
Delahay et al. 1995), reduce clutch size and breeding
success (Hudson 1986) and weaken body condition
(Keymer et al. 1991, Delahay et al. 1995) in their avian
hosts. In consequence, it is generally acknowledged
that parasite infestations have detrimental effects on
their hosts. Parasite pathogenicity is, however, com-
plex, and has been found to vary within species in
relation to sex or age of the host, in relation to envi-
ronmental condition and to parasite community
structure within host individuals (e.g., Bosch et al.
2000). Likewise negative effects have been shown for
some helminth species (Thompson 1985a, Keymer et
al. 1991, Delahay et al. 1995), but not for others (e.g.
Williams & Harris 1965, More & Bell 1983, Thomas
1986, Grey et al. 1989).

Parasites of the acanthocephalan order have been
shown as being frequent macro-parasites of the small
intestine in a large number of waterfowl species (e.g.,
Crompton & Harrison 1965, Ching 1989), including
the Eider (e.g., Garden et al. 1964, Bishop & Threlfall
1974, Lysfjord 1981, Hario et al. 1992). In Eiders, acan-
thocephalan infestations have been reported through-
out the breeding range and identified as both Profili-
collis botulus (Van Cleave 1916) and Polymorphus minu-
tus (Goeze 1782), which are obtained through inges-
tion of the infective cystacanths (intermediate larval
stage) present in the shore crabs Carcinus maenas and
small gammarid crustaceans, respectively (Rayski &
Garden 1961, Thompson 1985b, 1985¢c, Nickol et al.
1999, Crompton & Harrison 1965, Itdmies et al. 1980,
Hario et al. 1992, Hollmén et al. 1996).

Heavy infestations with of P. botulus/P. minutus
in Eiders have often been associated with poor body
condition, marked emaciation and with incidents of
increased mortality (Grenquist 1970, Thom & Garden
1955, Clark et al. 1958, Garden et al. 1964, Bishop &
Threlfall 1974, Lysfjord 1981, Hario et al. 1992, Hol-
Imén et al. 1996, Camphuysen et al. 2002). However,
heavy infection levels have also been reported in
apparently healthy Eiders showing no signs of ill-
effects (Liat & Pike 1980, Thompson 1985a, Paper 10).
In consequence, it has been suggested that the pres-
ence of high numbers of parasites contributes to a



poor body condition in otherwise weakened birds
rather than being the primary cause of sickness and
death (cf. Garden et al. 1964, Hario et al. 1995, Hol-
Imén et al. 1996).

Photo 2. A section of Eider intestine with the Acanthocephalan parasites Profilicol-
lis botulus. Photo: Thomas Kjaer Christensen.

In the Eiders that died in the Dutch and German
Wadden Sea the levels of parasite infestations were
2-3 times larger than in apparently healthy Eiders
collected by hunters in Danish waters (Paper 10).
However, parasite infestations intensities were not
correlated with the body condition of the dead Eiders,
suggesting that the primary cause of mortality was
related to poor foraging conditions as a result of com-
mercial overexploitation of mussels, at least in the
Netherlands, rather than to parasite infestations
(Camphuysen et al. 2002, Paper 10). That increased
levels of parasite infestations in some way may have
contributed as a secondary or accelerating factor to a
deterioration of the body condition of the starving
Eiders seems a reasonable hypothesis (cf. Hanssen et
al. 2003c), although their relative effect is presently
unknown.

Since healthy Eiders do carry substantial parasite
infestations this suggests that under normal circum-
stances, Eiders are capable of being parasitized, poten-
tially without suffering serious fitness consequences.
Whether the generally lower infection intensities in
healthy, hunter-shot Eiders reflects that Eiders nor-
mally have a lower preference for prey species har-
bouring infective parasite cystacanths or are capable
of depressing infestation levels below a critical level
by mounting an immune response is not known. The
emaciated state of the Eiders which succumbed dur-
ing the winter die-offs suggests that the Eiders, in the

face of a collapsed food supply, had no alternative
other than to prey on shore crabs that were very abun-
dant (Paper 10). Despite the high energetic value of
crabs (Guillemette et al. 1992), these easily obtained
prey bring the risk of multiple
parasite infection and hence
contribute to a reduction in
body condition amongst those
individuals forced to feed
upon them.

Given the potential of
parasites to negatively affect
the energetic resources or bal-
ance of their hosts, either as a
result of direct loss of energy
to parasites or indirectly
through an increased cost of
mounting an immune
response, Eider populations
are potentially vulnerable to
changes in the general infec-
tion levels. Obviously, if para-
site infestations add further
energetic stress to Eiders, and
the effects of infection is either
proportional to parasite densi-
ties or are triggered when
densities reach some threshold level, the ability of
Eider females to accumulate adequate resources for
reproduction may be hampered. In addition, increased
parasite infestations may render Eiders more suscepti-
ble to other stressors, such as from viral or bacterial
infections, that potentially would result in slightly
elevated mortality rates, which in turn may have major
impacts on population development.

Even though our present understanding of the
effects of parasite infection on mortality and repro-
duction rates is inconclusive, the intensity of parasite
infection during winter periods could potentially
indicate the general availability and quality of the
main mussel prey in the ecosystem, as well as reflect-
ing the general health status of the Eider populations.
Further studies based on regular monitoring are
needed to reveal the causal relationships between
parasite infestation levels in winter and subsequent
reproductive performance and survival probabilities
of breeding female Eiders.

Predation

Very few natural predators prey on large sea ducks
in the coastal and offshore areas of the Baltic Sea.
Historically, White-tailed Sea Eagles Haliaeetus albi-
cilla may be the only natural predator of Eiders, but
the population of White-tailed Sea Eagles has until
recently been very small (cf. Kilpi & Ost 2002), and
probably not of significance to Eider populations,
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especially not during the period of population
increase. While almost unaffected by predators out-
side the breeding period, adult Eiders may occasion-
ally have experienced predation from mammalian
predators, such as the fox, martens and wild cats on
the breeding grounds. However, the location of the
breeding colonies on small islands and skerries, are
generally acknowledged as an adaptation to avoid
terrestrial predators.

In contrast, the levels of predation on breeding
adult Eiders in the Swedish and Finnish breeding
areas seem to have increased during recent years.
This is due to range expansion of the introduced
American Mink Mustela vison and of the native
White-tailed Sea Eagle throughout the Baltic archi-
pelagos (Kilpi & Ost 2002, Paper 1). Eider numbers
have conspicuously declined in areas inhabited by
mink and shifted their distribution away from tradi-
tional breeding islands to more distant and open,
non-vegetated islands in the outer archipelago areas
(Paper 1). On open islands, predation of females and
eggs by eagles seems to be more successful than in
vegetated areas, although the level of predation has
increased everywhere (Kilpi & Ost 2002). Thus, Eider
populations may presently be adversely affected by
the rapid increase in White-tailed Eagle populations
and from the expansion of Mink throughout the pre-
viously predator-free islands in the extensive Baltic
archipelagos, relating both to a direct increase in
mortality and to a reduced breeding success and/or
decreasing availability of safe breeding sites.

Hunting

Eiders in the Baltic-Wadden Sea flyway are protected
during the breeding season from hunting and egg
collection. Outside the breeding period Eiders are
exploited by hunters in autumn and winter in Fin-
land, Denmark and Sweden. In Finland males have a
short open season in spring, just prior to the breeding
period.

The majority of the human hunting exploitation
of the Baltic-Wadden Sea population of Eiders occurs
in Denmark, where c. 60,000 to 80,000 Eiders are
presently shot annually (The Danish Bag statistics
2005). The annual bag size of Eiders in Sweden
amounts to 3-5,000 birds, and c. 25,000 in Finland
where c. 70% are males (cf. Paper 1). In Finland, the
bag size and the size of the breeding population are
strongly correlated (Hario & Selin 1987), contrasting
the situation in Denmark, where the declining bag
size (from c. 140,000 during the 1970s and 1980s to
the present level) was mainly related to the decrease
in the number of sea duck hunters, and not to the
decrease in the Eider population (Paper 4).

Acknowledging the potential impact of hunting
on population size and trends, several legislative
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actions have been implemented to protect Eiders in
Danish waters, including area-specific bans on hunt-
ing from motorboats, bans of private sales of bagged
Eiders, and closure of the hunt in February in spe-
cially protected areas designated under the EU Bird
Directives. Most recently, in 2004, the open season
has been reduced by c. 45 days for females and c. 15
days for males, with the specific aim of increasing
survival of (locally breeding) adult females during
the present population decline.

During the 1970s and 1980s the annual bag of
Eiders in Danish waters accounted for between
130000 and 150000 individuals. Despite this substan-
tial harvest, the Baltic populations increased mark-
edly during this period, indicating that hunting had
no affect on stopping population growth, although it
very likely reduced the overall rate of expansion
below the potential at that time. As hunting has
declined concurrently with the recent population
decline, the present impact from hunting is not pre-
cisely known, but hunting most probably has con-
tributed by accelerating the population decrease.

There is some evidence that waterfowl hunters
more frequently harvest individuals that are in poor
condition (e.g., Greenwood et al. 1986, Reinecke &
Shaiffer 1988, Dufour et al. 1993). This effect is
referred to as the condition bias hypothesis (sensu
Weatherhead & Greenwood 1981), that food stressed
individuals are more easily attracted to decoys, and
thus more susceptible to hunting. However, other
types of sea duck hunting may likewise harvest poor
condition individuals. Hunting from motor boats,
the most frequent type of sea duck hunting in Danish
waters (Clausager 2003, Clausager 2004), most often
involves taking birds from smaller groups of birds in
near-coastal areas, which may represent birds that
for some reason are more stressed than those staging
in the larger main flocks in more distant offshore
areas, and which are more difficult to successfully
approach by hunters (cf. Paper 4). If hunting in gen-
eral affects individuals in poor condition, then the
overall effect of hunting on both adult mortality rates
and the reproductive potential of the populations
may potentially be diluted (removing individuals of
low reproductive potential and possibly relaxing
density dependent effects), although in total, such an
effect would in all probability be far from compen-
sating the impact of the present annual harvest of
60000 to 80000 Eiders in Danish waters.

1.4.2 Reproductive success

The ultimate measure of reproductive success in
Eider populations is the number of ducklings that
survive and recruit to the breeding populations.
However, studies of recruitment are few, as they



demand long term ringing programs and extensive
recapturing programmes at the breeding colonies.
Many more studies have assessed reproductive suc-
cess by monitoring changes in clutch size, duckling
survival and fledging success within populations
(e.g., Swennen 1991b). These parameters are more
easily obtained and are important determinants or
components of reproduction and are highly predic-
tive of reproductive success.

As previously mentioned, the investment in
breeding is influenced by the body condition of the
females, as the conditional state affects both clutch
size and duckling survival (Hanssen et al. 2003a, Ost
et al. 2003b). Hence the foraging conditions and abil-
ity to accumulate adequate resources for reproduc-
tion is an important component in assessments of
reproductive success.

Clutch size

A general reduction in the average clutch size in
Eider populations, normally ranging between 4 and
5 eggs, has been found amongst both Finnish and in
Danish colonies (Hario & Selin 2002, Bregnballe
2002), reducing clutch sizes by 0.3 and 0.5 eggs
respectively. Whereas the reduced clutch size in Fin-
land has been associated with the population decrease
and related to recruitment of poor cohorts of low
body weight (Hario & Selin 2002), reduced clutch
sizes in Danish colonies were not correlated with
population changes. In the Danish colonies, clutch
size reductions were found amongst old established
breeders (ringed individuals), and hence assumed to
be an immediate response to poorer foraging condi-
tions and not to recruitment of less productive year
classes (Bregnballe 2002).

Although lowered clutch sizes have implications
for population development by reducing the total
number of hatched ducklings, changes in clutch size
may be more indicative of environmentally induced
changes in foraging conditions, and ultimately the
conditional status of the population, than indicative of
reproductive success. Since hatching success is high,
normally ranging between 80 % and 95 % (Swennen
1983, Erikstad et al. 1993), poor reproductive success

Photo 3. Ducklings. Photo: Thomas Kjaer Christensen.

in years of low clutch size, is probably more affected
by the poor condition of breeding females than by
clutch size per se. Females in poor body condition at
hatch more frequently abandon their broods to other
brood tending females or engage in brood coalitions
(e.g. Ost 1999), which are less successful strategies in
terms of duckling survival, than if females care for
their own broods (Ost et al. 2003b).

Duckling survival

Main sources of duckling mortality are predation
and disease. Heavy duckling predation by gulls has
been reported in many studies accounting for most
mortality during the first days and weeks after hatch
(e.g., Munroe & Bédard 1977, Mendenhall & Milne
1985, Swennen 1989). Assessed from an experimental
study, ducklings predated by gulls were found to be
otherwise weakened, leading to the conclusion that
gull predation mostly removed unfit individuals,
and hence, that the role of duckling predation was of
low importance to population development (Swen-
nen 1989). In his study, Swennen found that scarcity
of food, leading to ducklings reacting differently to
alarm calls by females upon predator attacks, were
the main cause for predator success. Thus foraging
conditions for ducklings seems a key factor for sur-
vival of ducklings between hatch and the first 10-12
days of life. For slightly older ducklings, parasites
and diseases seems to be more important determi-
nants of survival. Viral infections have been shown
to account for much mortality in ducklings of up to 3
weeks old, and also resulted in recent mass die-offs
in Finland (Hollmén et al. 2002), whereas the role of
parasite infestations to duckling mortality seems less
clear (Hario et al. 1992, Hario et al. 1995, Hollmén et
al. 1996).

It seems questionable whether gull predation and
the incidences of mass mortality of ducklings in Fin-
land have had marked influence on the overall devel-
opment of the Baltic-Wadden Sea population. Duck-
ling survival is generally very low, resulting in long-
term average fledging success of c. 0.342 ducklings
per female per year (Swennen 1991a). However,
fledging success is highly variable with occasional
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years of very high success (Swennen 1989, Hario &
Rintala 2006), such years being responsible for
marked increases in colony size (cf. Coulson 1984).
At times when adult survival is stable, fledging suc-
cess or duckling mortality during the brood rearing
period is probably the regulating factor of popula-
tion growth in the Baltic-Wadden Sea flyway popu-
lation (Hario & Rintala 2006).

In Eiders, years of high duckling survival occur
infrequently, and have been reported at intervals of 2
to 6 years in a British colony (Coulson 1984). For
Eiders in the Baltic-Wadden Sea population, single
years of good reproduction have been found sepa-
rated by poor periods lasting 12 years (Swennen
1991a, Hario & Rintala 2006). If years of good repro-
ductive outputs are related in some way to years of
good female condition, then it may be predicted, that
the occurrence of such years may be even more infre-
quent, if the overall average female body condition
has decreased. Thus, Eider populations suffering
general difficulties in obtaining adequate resources
for optimal breeding, most probably will experience
long-term declines in population size, primarily as a
result of reduced duckling survival.

Hunting

Eider hunting in Danish waters opens 1 October, and
during the first phase, the proportion of young first
year birds bagged by hunters is very high (Noer et al.
1995, Paper 4). Considering the low fledging success
of Eiders, hunting thus seems to remove individuals
that have managed to survive the first critical weeks
when most duckling mortality takes place (e.g.,
Swennen 1989, Flint et al. 1998.

Based on recoveries of ducklings measured and
marked during the first weeks after hatch, ducklings
may be divided into three categories depending on
their body condition. One group of the ducklings in
poor condition, which are not recovered as either
breeding birds in the colonies nor as shot by hunters,
a second group of ducklings of intermediate body
condition, which mainly are recovered as shot dur-
ing the first hunting season, and a third group of
good body condition, which mainly are recorded as
breeding birds (Paper 7, Paper 8). This provides some
evidence that hunting removes ducklings in poorest
condition present at the time the hunting season
opens, while the strongest individuals survive and
recruit to the breeding populations. Most probably
the poorest ducklings in each cohort have died dur-
ing the first weeks or months post hatch prior to the
hunting season.

However, duckling growth rates were not the
same each year. Overall environmental conditions,
as well as local habitat differences within years, affect
the rate of growth and final duckling condition
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between years (Paper 9), and indeed average body
condition of duckling cohorts show marked varia-
tion from one year to another (Paper 7). The pattern
of condition amongst three different groups of duck-
lings described above is likely to be manifest in a
cohort of good average condition, but a different pat-
tern emerges in a year when the average duckling
cohort condition is poor. From a poor cohort, there is
no difference in condition between individual shot
by hunters or those that recruit as breeders. In a poor
year, hunters shoot juvenile Eiders that otherwise
would have had a high probability of recruiting to
the breeding populations. The impact of hunting of
juvenile Eiders on subsequent population develop-
ment may consequently vary from year to year,
depending on the growth pattern of ducklings in a
given season (Paper 8).

1.5 Implications of body condition for
population development

Even though Eider populations has been assumed to
benefit from the general increase in eutrophication
during the period of population increase, the size of
Finnish population has not responded to recent
eutrophication of the inner Baltic Sea (Ronki et al.
2005). In the long term, continued eutrophication
may have unfavourable effects on the prey of both
adult and juvenile Eiders, by inducing changes in
benthic communities or from extensive areas being
frequently affected by oxygen depletion, thereby
reducing overall prey abundance and availability (cf.
Ronkd et al. 2005 and references herein).
Considering the general implications of poor
body condition in relation to the reproductive output
of females, e.g., reduced clutch size and duckling
survival, an overall decreasing trend in body condi-
tion of Eider populations, as shown in Eiders in Fin-
land during the period 1991-2004 (Lehikoinen et al.
2006), would predictably lead to a reduced level of
reproductive output. Likewise, reproducing at a low-
er average body condition may infer a lower survival
probability, if the pattern of markedly reduced sur-
vival rates found in several duck species when breed-
ing at sub-optimal, as well as super-optimal, body
conditions (Blums et al. 2005) also apply to Eiders. So
far no general changes in adult survival have been
reported from Baltic populations and related to
decreases in breeding number (Hario & Rintala 2006,
but see Christensen & Noer 2001). However, else-
where, higher mortality rates have been documented
in Eider females breeding in poor years (years of sub-
stantial non-breeding and low clutch size) (Coulson
1984), and in females that apparently “over-invest-
ed” by engaging in brood care (Hanssen et al. 2003a).



These results suggest that when breeding in both
inadequate and in to good condition Eider females
experience a cost in terms of reduced survival prob-
ability.

Females during the recent population decline in
the Baltic-Wadden Sea population have experienced
higher mortality rates than males as shown by chang-
es in sex-ratio among adult Eiders in the Danish Bag
Statistics/ Wing Survey of Waterfowl, changing from
a previously stable 60/40 male/female ratio to 70/30
ratio at present (Paper 5), and from a significant
change from a female bias to a male bias during the
spring migration of Eiders in the Golf of Finland
(Kilpi et al. 2003, Paper 5). Calculated in relation to
the overall population estimates (Delaney & Scott
2002, Delaney & Scott 2006), the change in the sex-
ratio indicate that the female population segment has
declined about 50% while the male segment has
declined by c. 22 % during the 1990s. Acknowledging
that the duties associated with reproduction infer
increased cost to female Eiders in terms of decreased
survival rates (Flint et al. 1998), this probably explains
a skewed sex ratio of 60 % males and 40 % females
previously recorded in the Baltic populations (Swen-
nen et al. 1979). However, the recent change to a sex-
ratio of 70 % males and 30% females (Paper 5) indi-
cates that females presently experience higher mor-
tality rates than expected from the cost of normal
reproductive investments, which could relate to the
lower average body condition documented by
Lehikoinen et al. (2006).

Even though Lehikoinen et al. (2006) showed an
almost significant decrease in long term trend in the
average female body condition during 1991-2004,
they also suggested that global warming may benefit
Eider reproduction, as they showed that both clutch
size and fledging success was significantly higher in
years when ice break-up occurred early, and that
female body condition were positively correlated
with the North Atlantic Oscillation (NAO), an index
of winter severity (Hurrell 1995, Hurrell et al. 2001).
This result is not in agreement with an increasing
global warming as the quality and growth of mussels
is expected to decrease with higher average water
temperature (Honkoop & Beukema 1997). One pos-
sible explanation for this discrepancy, and one which
fits nicely with the overall resource allocation strate-
gy of Eiders, may be, that the body condition of
females deteriorates in relation to the duration of the
period between arrival to the breeding grounds and
start of egg laying in these migratory populations. In
warmer years, females may start to breed shortly
after arrival, whereas in cold years, females have to
wait up to several weeks outside the breeding areas
before ice break-up occurs, all the while expending
stored energy, a difference that is probably not com-

pensated by a slightly later arrival in colder years
(see Lehikoinen et al. 2006). Consequently, if this
interpretation holds, Eiders breeding in the northern
Baltic area (Finland and Sweden) may benefit from
global warming by earlier breeding, and not by an
effect of winter conditions and female body condi-
tion. Thus, theoretically, Eider populations may
increase as a result of global warming, as long as the
benefits of earlier breeding and the associated higher
reproductive outputs outweighs a potential increase
in adult mortality related to a reduced average body
condition.

Presently, very little is actually known about

large-scaled and long-term changes in the foraging
conditions of Eiders. Incidences of oxygen depletion
linked to eutrophication and increased primary pro-
duction have been reported to cause mussel die-offs
(cf. Dolmer 1999), but areas most frequently affected
by oxygen depletion are mainly shallow sheltered
areas, such as narrow fjords, and deeper (>15 m) off-
shore waters (NERI 2004). However, in Danish
waters, Eiders are generally distributed in coastal
areas at depths of 2-10 meter (Petersen et al. 2006), a
depth range that generally is not significantly affect-
ed by oxygen depletion, although mussels are known
to have disappeared in some parts of the inner Dan-
ish waters (P.S. Kristensen pers. comm.). Thus mus-
sel may have disappeared in some areas that proba-
bly have been within the reach of wintering Eiders.
During the past 20 years, average sea water tempera-
tures around Denmark have increased by c. 1-2° Cel-
sius as a result of global warming (e.g., ICES 2006).
The general effect of this temperature increase on
mussel growth and condition is not known, although
it is expected to decrease the energetic value of mus-
sels as prey to Eiders (cf. Honkoop & Beukema 1997).
However, in combination with a marked increase in
commercial mussel fishery at about 1990 from below
10000 tonnes per year to a stable level of c. 30000
tonnes per year in inner Danish waters (Kristensen
1995, Kristensen & Hoffmann 2000), Eiders may thus
have experienced a decline in prey profitability as
well as a decrease in general availability, which may
have affected foraging conditions to an extent that
resulted in a decreased body condition.
Although it seems obvious that the foraging condi-
tions of Eiders may be affected by both reoccurring
episodes of oxygen depletion, higher sea water tem-
perature and commercial mussel fishery, the signifi-
cance of these variables in relation to the long-term
development of the Baltic Eider populations has not
yet been substantiated. Even though effects of such
large scale changes are difficult to assess, future
research should include these aspects given the
potential of an ultimate effect on reproduction rates
and survival of Eider populations.
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1.6 Mitigation of the population decline

Management of Eiders in the Baltic-Wadden Sea fly-
way population is based on two major pillars, which
are protection of the breeding habitats during the
reproductive season and regulation of the hunt on
the staging and wintering areas.

The common aim of protective actions is to secure
a sustainable level of population size by allowing the
population to reproduce as optimally as possible
under prevailing environmental circumstances, and
to balance exploitation of this natural resource (mainly
recreational hunting) in order to harvest a population
surplus without adversely affecting population size.

Protection of specific breeding grounds, involv-
ing restrictions in public access to reduce disturbance
(with secondary egg loss to avian predators such as
gulls and ravens) and removal of stationary preda-
tors (mink, fox, marten), may greatly increase repro-
ductive success of a given population or colony. But,

even though such protective actions may increase in
their relative value during periods of population
decreases, or even are necessary as predators may
benefit from more general changes in the environ-
ment while Eiders do not, it may be equally benefi-
cial to Eider populations to expand protection to
include foraging areas of high importance. Such are-
as may lay adjacent to breeding islands, but may also
include larger coastal or offshore areas used mainly
during winter and spring.

The importance of protecting critical feeding are-
as for Eiders will increase if global warming or con-
tinued eutrophication result in adverse impacts on
food abundance. Year round restrictions on commer-
cial mussel fishery, commercial gillnet fishery (by-
catch of Eiders; cf. Merkel 2004), gravel extraction
and hunting in traditionally important feeding areas
will benefit Eiders by providing undisturbed feeding
conditions, especially during late winter and spring.
This approach would provide birds with the means
of securing adequate resource accumulation, which
may contribute to increased
reproductive success and sur-
vival rates of breeding
females.

As protection of important
winter and spring foraging
sites are beneficial to adult
Eiders in preparation for
breeding, protective actions
in areas used by brood tend-
ing females, may further be
beneficial to duckling surviv-
al. Such actions should
include restrictions on boat-
ing, as disturbances caused
by fast moving boats and
kayaks may be disruptive to
Eider brood-rearing and may
disperse broods increasing
predation on  ducklings,
reducing foraging time or
rendering favoured foraging
habitats inaccessible (Bregn-
balle & Christensen 1993).
Likewise, some restrictions
may be put on eel-trap and
gillnet fishing in traditional
shallow water rearing areas
in order to reduce the by-
catch of ducklings, as many
recoveries  of  ducklings
drowned in fishing nets occur
within the first month after
hatch (own unpubl. obs.).

Photo 4. A young researcher with a marked female eider, Stavns Fjord 1989.
Photo: Thomas Bregnballe.
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In many countries with an open season on water-
fowl, sustainability in national harvest rates is gener-
ally assessed from current population status and
developmental trends. Based on these assessments,
current policies in most European countries have
been to adjust the length of the open season or to
close hunting on specific species in case of unfavour-
able population development. Elsewhere, recreation-
al or sport hunting is regulated by means of daily bag
limits (USA, Canada and Greenland) (e.g. Nichols et
al. 1998).

Outside the breeding period, Eiders in the Baltic-
Wadden Sea flyway population are predominantly
hunted in Danish waters. Most recently (2004) the
open season in Denmark has been shortened from 1
October to 28 February for both sexes, to 1 October to
15 January for female Eiders and 1 October to 15 Feb-
ruary for males at present. In combination with a
(1994) ban of hunting of Eiders within extensive EU
bird protection areas in February, this action has
markedly reduced the hunting pressure in late win-
ter, especially on adult females, and at a time where
Eiders are starting to accumulate resources necessary
for successful breeding. The changes made in 2004,
have crudely been assessed to have reduced the
annual female Eider bag by c. 8.500 individuals. In a
male-biased Eider population, a longer open season
on males than on females would not jeopardise the
reproductive potential of the population, as long as
the sex-bias does not reverse as a result of sex-differ-
entiated hunting (cf. Kokko et al. 1998).

From a reproductive viewpoint, reducing the
hunting season in late winter should favour survival
of individuals that are about to breed. Thus, the ben-
efits of reducing the length of the open season com-
pared to postponing the start of the hunting season,
is greater in terms of reproductive potential, as a
large proportion of Eiders shot during the first month
of the season is composed of juvenile birds, while
adults dominate the bag late in the season (Noer et al.
1995). Thus, from a conservation perspective, Eider
populations, at least in Denmark, may experience
increased recruitment and hence, potentially increase,
if opening of the hunting season is postponed by one
or two months in years of low average duckling body
condition. At this time, the juvenile Eiders from Dan-
ish colonies probably are diluted by the massive
arrival of Eiders from Sweden and Finland. Surely,
Baltic breeding populations would not benefit from a
change early in season in Danish waters, but similar
actions may be worth considering for the Finnish
populations in case of a high proportional juvenile
kill early in the hunting season.

1.7 Conclusions

In recent decades, the Baltic-Wadden Sea flyway
population of Eiders has undergone marked chang-
es, first experiencing a steep increase during the
1970s and 1980s, followed by a marked decline dur-
ing the 1990s. Whereas the population increase most
probably related to improved foraging conditions,
and occurred despite substantial and greater hunting
pressure at that time, there is no one obvious expla-
nation for the recent population decline. There have
been several reported incidences involving mass
simultaneous mortality amongst this population
during the period of decline, each of which were
insufficient on their own to explain the overall level
of decline. Being a long lived species with relatively
low and highly fluctuating reproductive success, the
population size of the Eider is extremely sensitive to
even small increases in annual mortality, but is high-
ly insensitive to large changes in annual reproduc-
tive output. Its long-lived population buffers annual
changes in reproduction more effectively because
annual survival probability is so high. Hence, taken
together, the mass mortality of birds through starva-
tion on the Netherlands wintering grounds and from
avian cholera outbreaks may not be numerically
great, but could together constitute a compound con-
tribution to the causes of the decline. Hence, although
the total impact on the populations from these epi-
sodes most probably collectively accounted for much
less than one quarter of an estimated decline of c.
400,000 individuals in the total flyway population, it
seems reasonable to assume, that Eiders have experi-
enced general increases in mortality and/or decreas-
es in reproductive success, related to other factors
than those recorded in relation to disease and winter
starvation, although such general changes have not
yet been documented.

Female Eiders have been found to lay increasing-
ly smaller clutches and have shown a decreasing
average body weight during the period of recent
population decrease, indicating that Eiders in the
Baltic-Wadden Sea populations may have experi-
enced poorer foraging conditions which have affect-
ed their ability to accumulate adequate resources for
optimal reproduction. Since mortality and reproduc-
tive success in female Eiders is largely influenced by
the body condition of individuals, deteriorating for-
aging conditions of Eiders thus seems an obvious
explanation for, or at least a substantially contribut-
ing factor to, the recent population decline. Likewise,
alower average body condition of Eiders may lead to
a general reduction in energetically costly immuno-
competence, which might explain the apparent
increase in frequency of avian cholera epizootic
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recorded recently and the more frequent reports of
parasite infestations in both adults and juvenile
Eiders, as well as outbreaks of viral diseases in duck-
lings. Presently, immunology is a growing topic in
ecological studies, but few studies have so far cou-
pled the cost of immunity to life history traits and
population developmental trends (cf. Hanssen
2006).

Although there is little existing documentation of
long-term declines in the average adult mortality
rates or in reproductive success in Baltic Eider popu-
lations related to deteriorating foraging conditions,
the incidences of mass starvation in the Wadden Sea
area during the winters 1999/2000-2001/2002 relat-
ed to poor foraging conditions (Camphuysen et al.
2002, Ens et al. 2002, Paper 10), indicates that Eiders
are susceptible to such changes. Consequently, in the
face of changing food availability and or food quali-
ty, Eider populations may be adversely affected by
continued eutrophication and associated incidences
of oxygen deficits in the water column in coastal
marine areas, global warming and by increasing
commercial exploitation of their main prey, mussels.

Presently, the marked decline of the Baltic-Wad-
den Sea Eider flyway population assessed from win-
ter surveys has not been matched by similar reduc-
tions in national surveys of breeding numbers,
although several local populations have shown
marked declines. This discrepancy may be explained
if Eiders presently start to breed at a younger age,
and such behavioural change may have taken place
due to relaxed density dependent regulation for
breeding sites as the populations have declined.
However, if the stable breeding numbers reflects a
younger recruitment age, then the non-breeding
(young) segment of the populations is correspond-
ingly reduced. A reduction in breeding numbers may
thus be expected to emerge in the near future as the
non-breeding segment most probably will be slowly
depleted, if not compensated by increased reproduc-
tive success from earlier breeding or from relaxed
density dependent regulation of fledging success.
Likewise, the sensitivity of the populations to future
incidences of mass mortality, e.g., avian cholera epi-
zootics, is increased.

The pattern of population development in the
Gulf of Finland shows remarkable similarities with a
logistic growth trajectory with an overshoot, but
whether such a development applies to the overall
Baltic population is an open question. The tendency
of poorer body condition in breeding females indi-
cates, however, that the Eider populations will
decline to a level where relaxed density dependent
effects offsets associated lower adult mortality rates
and lower clutch sizes, as may already be the case in
the Gulf of Finland.
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The challenge for future research into Eider popu-
lation dynamics will be to describe the changes in
demographic parameters that most probably have or
will occur in relation to general environmental chang-
es, and which will be determinants of population tra-
jectories in the coming years. To do so, continued indi-
vidual marking of Eiders in combination with exten-
sive breeding surveys, will be required to explore and
document changes in the age composition of breeding
populations and to obtain information on reproduc-
tive performance on both a cohort and individual
basis. By conducting such research programmes, an
ultimate goal should be to establish individual (quali-
ty) based population modelling, from which future
population development, as well as population sensi-
tivity to both small and large scale environmental
changes and hunting, can be assessed. Since the most
important demographic parameters, reproductive
value and survival, are influenced by the body condi-
tion of individuals, variation in body condition, on
both an individual and cohort level, and the interac-
tion between foraging conditions and resource accu-
mulation strategies in Eiders, would be central param-
eters in such models. Considering the potential impli-
cations of, e.g., global warming, eutrophication and
commercial mussel fishery on the availability and
quality of the main prey of Eiders, the need for more
detailed data and robust population models will cer-
tainly increase markedly in the near future. The rele-
vance of developing new management tools is further
emphasised by the fact that Eiders in the Baltic popu-
lation are heavily hunted, and consequently demands
special considerations in relation to sustainable exploi-
tation, especially given the present declining status of
this flyway population.

1.8 References

Almquist, B., Andersson, A., Jogi, A., Pirkola, M.K., Soikkeli,
M. & Virtanen, J. 1975. The number of adult Eiders in the
Baltic Sea. - Wildfowl 25: 89-94.

Anderson, V. & Alisauskas, R.T. 2002. Composition and
growth of King Eider ducklings in relation to egg size.
- The Auk 119(1): 62-70.

Andersson, A. 1985. Ostersjons ejdart riknade. - Svensk Jagt
123: 500-503.

Bauer, K.M & Glutz von Blotzheim, U.N. 1969. Handbuch der
Vogel Mitteleuropas 3. - Akademische Verlagsgesellchaft,
Frankfurt am Main. 504 pp.

Bishop, C.A. & Threlfall, W. 1974. Helminth Parasites of the
Common Eider Duck, Somateria mollissima (L.), in
Newfoundland and Labrador. - Proceedings of the
Helminthological Society of Washington 41(1): 25-35.

Blanchong, J.A., Samuel, M.D., Goldberg, D.R., Shadduck, D.J.
& Lehr, M.A. 2006. Persistence of Pasteurella multocida in
wetlands following avian cholera outbreaks. - Jounal of
Wildlife Diseases 42(1): 33-39.



Bluhm, C.K. 1992. Environmental and Endocrine Control of
Waterfowl Reproduction. In Batt, B.D.J., Afton, A.D,
Anderson, M.G., Ankney, C.D., Johson, D.H., Kadlec, J.A.
& Krapu, G.L. (Eds). - Ecology and Management of
Breeding Waterfowl. University of Minnesota Press.

Blums, P., Nichols, ].D., Hines, J.E., Lindberg, M. & Mednis, A.
2005. Individual quality, survival variation and patterns of
phenotypic selection on body condition and timing of
nesting in birds. - Oecologia 143: 365-376.

Bosch, M., Torres, J. & Figuerola, J. 2000. A helminth community
in breeding Yellow-legged Gulls (Larus cachinnans): pattern
of association and its effect on host fitness.

Botzler, R.B. 1991. Epizootiology of avian cholera in wildfowl.
- Journal of Wildlife Diseases 27: 367-395.

Bourgeon, S., Criscuolo, F., Bertile, F., Raclot, T., Gabrielsen,
G.W. & Massemin, S. 2006. Effects of clutch size and
incubation stage on nest desertion in the female Common
Eider Somateria mollissima nesting in the high Arctic. - Polar
Biology 29: 358-363.

Bregnballe, T., Gregersen, J. & Jepsen, P.U. 2002. Development
of common Eider Somateria mollissima colonies in the
southwestern Kattegat, Denmark: Influence of predators
and immigration. - Danish Review of Game Biology 16(1):
15-24.

Bregnballe, T. & Christensen, T.K. 1993. Menneskelige
aktiviteter i Stavns Fjord i maj-juni 1991 og deres
indflydelse pa ederfuglenes fordeling, aktivitet og
yngleresultat. - Internal report to the Danish Forest and
Nature Agency. 43 pp. (in Danish).

Bustnes, J.O. & Erikstad, K.E. 1991. Parental care in the
common Eider (Somateria mollissima): factors affecting
abandonment and adoption of young. - Canadian Journal
of Zoology 69(6): 1538-1545.

Camphuysen, CJ., Berrvoets, CM., Cremers, HJ.W.M,,
Dekinga, A., Dekker, R., Ens, B.J., van der Have, T.M., Kats,
R.K.H., Kuiken, T., Leopold, M.F., van der Meer, J. &
Piersma, T. 2002. Mass mortality of common Eiders
(Somateria mollissima) in the Dutch Wadden Sea, winter
1999/2000: starvation in a commercially exploited wetland
of international importance. - Biological Conservation
106:303-317.

Cargnelli, L.M. & Neff, B.D. 2006. Condition-dependent
nesting in blugill sunfish Lepomis macrochirus. - Journal of
Animal Ecology 75(3): 627-633.

Caswell, H. 1989. Matrix population models. - Sinauer Ass.
Inc., Sunderland, Massachusetts.

Ching, H.L. 1989. Profilicollis botulus (Van Cleave, 1916) from
diving ducks and shore crabs of British Columbia. - Journal
of Parasitology 75(1): 33-37.

Christensen, T.K. & Noer, H. 2001. Monitoring of breeding
Eiders at Saltholm, 2000. - NERI Technical Report
commissioned by @resundsbro Konsortiet. National
Environmental Research Institute. 48 pp.

Clark, G.M., O'Meara, D. & Van Weelden, J.W. 1958. An
epizootic among eider ducks involving an Acanthocephalid
worm. - Journal of Wildlife Management 22(2): 204-205.

Clausager, I. 2003. Vingeindsamling fra jagtseesonen 2002/03 i
Danmark (with English summary: Wing Survey from the
hunting season 2002/03). - NERI Technical report no. 452.
66 pp.

Clausager, I. 2004. Vingeindsamling fra jagtsaesonen 2003/04 i
Danmark (with English summary: Wing Survey from the
hunting season 2003/04). - NERI Technical report no. 452.
70 pp.

Coleman, RM. & Gross, M.R. 1991. Parental investment
theory: the role of past investment. - Trend Ecol. Evol. 6:
404-406.

Connors, V.A. & Nichol, B.B. 1991. Effects of Plagiorhynchus
cylindraceus (Acanthocephala) on the energy metabolism of
adult starling, Sturnus vulgaris. - Parasitology 103: 395-402.

Coulson, J.C. 1984. The population dynamics of the Eider Duck
Somateriamollissima and evidence of extensive non-breeding
by adult ducks. - Ibis 126: 525-543.

Cramps, S. & Simmons, K.E.L 1977. The birds of western
palearctic 1. - Oxford University Press. 960 pp.

Crompton, D.W.T. & Harrioson, J.G. 1965. Observations on
Polymorphus minutus (Goeze, 1782) (Acanthocephala) from
a wildfowl reserve in Kent. - Parasitology 55: 345-355.

Delahay, R.J., Speakman, J.R. & Moss, R. 1995. The energetic
consequences of parasitism: effects of a developing
infestation of Trichostronglytes tenuis (Nematoda) on Red
Grouse (Lagopus lagopus scoticus) energy balance, body
weight and condition. - Parasitology 110: 473-482.

Delaney, S. & Scott, D. 2002. Waterbird population estimats —
Third edition. - Wetlands International, Wageningen, The
Netherlands. 226 pp.

Delaney, S. & Scott, D. 2006. Waterbird population estimats -
Fourth edition. - Wetlands International, Wageningen, The
Netherlands. 239 pp.

DMI 1996. Manedsberetning; Vejret i februar (In Danish).
- Danmarks Meteorologiske Institut (Danish Meteorological
Institute). March 1996.

Dolmer, P. 1999. Dredging of blue mussels (Mytilus edulis L.) in
a Danish sound: stock sizes and fishery-effects on mussel
population dynamic. - Fisheries Research 40: 73-80.

Dufour, KW., Ankney, C.D. & Weatherhead, P.J. 1993.
Condition and vulnerability to hunting among mallards
staging at lake St. Clair, Ontario. - Journal of Wildlife
Management 57: 209-215.

Ens, B.J., Borgsteede, F.M., Camphuysen, C.J., Dorrestein,
GM. Kats, RKH. & Leopold, M.F. 2002
Eidereendensterfte in de winter 2001/2002 (In Dutch).
- Alterra Report 521. 113 pp.

Erikstad, K.E., Bustnes, J.O. & Moum, T. 1993. Clutch-size
determination in precocial birds: a study of the common
Eider. - The Auk 110(3): 623-628.

Fleet, D.M. 2001. Numbers of Common Eiders beached on the
German North Sea coast during the mass mortality in the
winter 1999/2000. - Wadden Sea Newsletter 2001(1): 6-7.

Flint, P.L., Moran, C.L. & Scamer, J.L.. 1998. Survival of common
eider Somateria mollissima adult females and duckling
during brood rearing. - Wildfowl 49: 103-109.

Garden, E.A., Rayski, C. & Thom, V.M. 1964. A parasitic
disease in Eider Ducks. - Bird Study 11: 280-287.

Greenwood, H., Clark, R.G. & Weatherhead, P.J. 1986.
Condition bias of hunter-shot mallards. - Canadian Journal
of Zoology 64: 599-601.

Grenquist, P. 1970. On mortality of the eider duck. - Suomen
Riista 22: 24-34.

Grey, C.A., Grey, P.N. & Pence, D.B. 1989. Influences of social
status on the helminth community of late-winter mallards.
- Canadian Journal of Zoology 67: 1937-1944.

Gorman, M.L. & Milne, H. 1972. Creche behaviour in the
Common Eider Somateria mollissima L. - Ornis Scandi
navica 3: 21-25.

21



Guillemette, M., Ydenberg, R.C. & Himmelman, J.H. 1992. The
role of energy-intake rate in prey and habitat selection of
Common Eider Somateria mollissima in winter - A risk-
sensitive interpretation. - Journal of Animal Ecology 61(3):
599-610.

Hanssen, S.A, Engebretsen, H. & Erikstad, K.E.2002. Incubation
startand egg size in relation to body reserves in the common
eider. - Behavioral Ecology & Sociobiology 52: 282-288.

Hanssen, S.A., Erikstad, K.E., Johnsen, V. & Bustnes, ]J.O.
2003a. Differential investment and cost during avian
incubation determined by individual quality: an
experimental study of the common Eider (Somateria
mollissima). - Proc. R. Soc. Lond. B 270: 531-537.

Hanssen, S.A., Folstad, I. & Erikstad, K.E. 2003b. Reduced
immunocompetence and cost of reproduction in common
Eiders. - Oecologia 136: 457-464.

Hanssen, S.A., Folstad, I., Erikstad, K.E. & Oksanen, A. 2003c.
Cost of parasites in common eiders: effects of antiparasite
treatment. - Oikos 100: 105-111.

Hanssen, S.A., Hasselquist, D., Folstad, I. & Erikstad, K.E.
2004. Cost of immunity: immune responsiveness reduces
survival in a vertebrate. - Proc. R. Soc. Lond. B. 271:
925-930.

Hanssen, S.A. 2006. Cost of immune challenge and terminal
investment in a long-lived bird. - Ecology 87(10): 2440-2446.

Hario, M. & Selin, K. 1987. The variation in clutch size and egg
volume in different age classes of the Common Eider.
- Suomen Riista 34: 59-65. (English summary).

Hario, M. & Selin, K. 1988. Thirty-year trends in an Eider
population: timing of breeding, clutch size and nest site
preferences. - Finnish Game Research 45: 3-10.

Hario, M., Selin, K. & Soveri, T. 1992. Loisten osuudesta
haahkan lisdantyvyyden heikkenemisessa (In Finnish with
English summary: Is there a parasite induced deterioration
in eider fecundity ?). - Suomen Riista 38: 23-33.

Hario, M., Lehtonen, J.T. & Hollmén, T. 1995. Vikékarsamadot
haahkan kuolevuustekijind - epdilevd nidkokanta (In
Finnish with English summary: Role, if any of
acanthocephalan worm Polymorphus minutus in common
eider mortality). - Suomen Riista 41: 21-26.

Hario, M. & Selin, K. 2002. Cohort-specific differences in
reproductive output in a declining common Eider Somateria
mollissima population. In Noer, H. & Nehls, G. (eds.)
Population processes in the common Eider Somateria
mollissima. - Danish Rev. Game Biol. 16 (1): 33-45.

Hario, M. & Hollmén, T. 2004. The role of mate-guarding in
pre-laying Common Eiders Somateria m. mollissima in the
northern Baltic Sea. - Ornis Fennica 81: 119-127.

Hario, M. & Rintala, ]J. 2006. Fledging production and
population trends in Finnish common Eiders (Somateria
mollissima) - evidence for density dependence. - Canadian
Journal of Zoology 84: 1038-1046.

Hodson, P.J. 1986. The effect of a parasitic nematode on the
breeding production of red grouse. - Journal of Animal
Ecology 55: 85-92.

Hollmen, T., Hario, M. & Lehtonen, J.T. 1996. Description of an
epizootic in eider ducklings: from the Gulf of Finland.
- Suomen Riista 42: 32-39.

Hollmén, T. 2002. Biomarkers of health and disease in common
Eiders (Somateria mollissima) in Finland. Doctoral thesis.
Department of Basic Veterinary Sciences, University of
Helsinki, Finland.

22

Hollmén, T., Franson, J.C., Kilpi, M., Docherty, D.E., Hansen,
W.R. & Hario, M. 2002. Isolation and characterization of a
reovirus from common Eiders (Somateria mollissima) from
Finland. - Avian Diseases 46: 478-484.

Honkoop, P.J.C. & Beukema, ].J. 1997. Loss of body mass in
three intertidal bivalve species: an experimental and
observational study of the interacting effects between water
temperature, feeding time and feeding behaviour. - Journal
of Experimental Marine Biology & Ecology 212: 277-297.

Hurrell, J.W. 1995. Decadal trends in the North Atlantic
Oscillation: regional temperature and precipitation.
- Science 269: 676-679.

Hurrell, J.W., Kushnir, Y. & Visbeck, M. 2001. The North
Atlantic Oscillation. - Science 291: 603-605.

ICES 2006. ICES Report on Ocena Climate 2005. - ICES
Cooperative Research Report no. 280.

Itamies, J., Valtonen, E.T. & Fagerholm, H.-P. 1980. Polymorphus
minutus (Acanthocephala) infestation in eiders and its role
as a possible cause of death. - Ann. Zool. Fennici 17:
285-289.

Kear, J. 2005. Ducks, Geese and Swans. - University Press,
Oxford.

Keymer, AE., Gregory, P.H., Harvey, P.H., Read, AF. &
Skorping, A. 1991. Parasite-host ecology: case studies in
population dynamics, life-history evolution and community
structure. - Acta Ecologica 12(1): 105-118.

Kilpi, M. & Ost, M. 2002. The effects of white-tailed sea eagle
predation on breeding Eider females off Tvarminne,
Western Gulf of Finland. - Suomen Riista 48: 27-33. (English
summary).

Kilpi, M., Ost, M., Lehikoinen, A. & Vattulainen, A. 2003. Male
sex bias in Eiders Somateria mollissima during spring
migration into the Gulf of Finland. - Ornis Fennica 80:
137-142.

Kokko, H., Poysd, H., Lindstrom, J. & Ranta, E. 1998. Assessing
the impact of spring hunting on waterfowl populations.
- Ann. Zool. Fennici 35: 195-204.

Korschgen, C.E. 1977. Breeding stress of female Eiders in
Maine. - Journal of Wildlife Management 41(3): 360-373.

Koschgen, C.E, Gibbs, H. & Mendall, H.L. 1978. Avian cholera
in Eider Ducks in Maine. - Journal of Wildlife Diseases 14:
254-258.

Kristensen, P.S. 1995. Blamuslinge- og é&legreesbestanden i
Horsens, Vejle og Kolding fjorde 1994 (In Danish). Danmarks
Fiskeriundersggelser. - DFU Rapport nr. 490-1995.

Kristensen, P.S. & Hoffmann, E. 2000. Fiskeri efter blamuslinger
i Danmark 1989-1999 (with English summary: Mussel fishery
in Denmark 1989-1999). - Danmarks Fiskeriundersggelser.
Report no.: 72-00. 38 pp.

Laursen, K., Pihl, S., Durinck, J., Hansen, M., Skov, H., Frikke,
J. & Danielsen, F. 1997. Numbers and distribution of
waterbirds in Denmark 1987-1989. - Danish Review of
Game Biology 14(1): 1-184.

Lehikoinen, A., Kilpi, M., & Ost, M. 2006. Winter climate
affects subsequent breeding success of common Eiders.
- Global Change Biology 12: 1355-1365.

Leopold, M.F., Kats, RK.H. & Ens, B.J. 2001. Diet (preferences)
of Common Eiders Somateria mollissima. - Wadden Sea
Newsletter 1: 25-31.



Liat, L.B. & Pike, A.W. 1980. The incidence and distribution of
Profilicollis botulus (Acantocephala), in the eider duck,
Somateria mollissima, and in its intermediate host the shore
crab, Carcinus maenas, in north east Scotland. - Journal of
Zoology 190: 39-51.

Lysfjord, S. 1981. Krasseren Polymorphus minutus, en vanlig
tarmparasit hos eerfugl i Norge. - Fauna 34: 126-128.

Madsen, F.]J. 1954. On the food habits of the diving ducks in
Denmark. - Danish Review of Game Biology 2: 157-266.

Meijer, T. & Drent, R. 1999. Re-examination of the capital and
income dichotomy in breeding birds. - Ibis 141: 399-414.

Mendenhall, V.M. & Milne, H. 1985. Factors affecting duckling
survival of eiders Somateria mollissima in Northeastern
Scotland. - Ibis 127: 148-158.

Merkel, F.R. 2004. Impact of hunting and gillnet fishery on
wintering Eiders in Nuuk, Southwest Greenland.
- Waterbirds 27(4): 469-479.

Milne, H. 1976. Body weights and carcass composition of the
Common Eider. - Wildfowl 27: 115-122.

More, J. & Bell, D.H. 1983. Pathology (?) of Plagiorhynchus
cylindraceus in the Starling, Sturnus vulgaris. — Journal of
Parasitology 69(2): 387-390.

Munroe, J. & Bédard, J. 1977. Créche formation in the common
Eider. - The Auk 94: 759-771.

Nehls, G. 1989. Occurrernce and food consumption of the
Common Eider, Somateria mollissima, in the Wadden Sea of
Sleswig Holstein. - Helgoldnder meeresuntersuchungen
43: 385-393.

Nehls, G. 1995. Strategien der Erndrung und ihre Bedeutung
fiir Energiehaushalt und Okologie der Eidernete (Somateria
mollissima (L., 1758)). PhD thesis. - Christian-Albrechts
Universitit, Kiel. 173 pp.

NERI 2004. Iltsvind. Eds.: Christensen, P.B., Hansen, O.S. &
Zrtebjerg, G. (In Danish). NERI & Hovedland. 128 pp.

Nickol, B.B., Crompton, DW.T. & Searle, D.W. 1999.
Reintroduction of Profilicollis Meyer 1931, as a Genus in
Acanthocephala: Significance of the Intermediate Host.
- Journal of Parasitol. 85(4): 719-722.

Nichols, J.D, Johnson, F.A. & Williams, B.K. 1998. Managing
North American Waterfowl in the Face of Uncertainty.
- Ann. Rev. Ecol. Syst. 26: 177-199.

Noer, H. 1991. Distribution and movements of Eiders Somateria
mollissima populations wintering in Danish waters,
analysed from ringing recoveries. - Danish Rev. Game Biol.
14 (3). 32 pp.

Noer, H., Clausager, 1. & Asferg, T. 1995. The bag of Eider
Somateria mollissima in Denmark 1958-1990. - Danish Rev.
Game Biol. 14(5): 24 pp.

Noer, H., Fox, A.D., Clausen, P., Petersen, B.M., Kahlert, J. &
Christensen, T.K. 1996. Effecs of the Construction of a Fixed
Link across Oresund on Waterfowl Populations:
Environmental Impact Assessment. Danish National
Environmental Research Institute. - Report commissioned
by @Oresundskonsortiet. 78 pp.

Parker, H. & Holm, H. 1990. Patterns of nutrient and energy
expenditure in female common Eiders nesting in the high
arctic. - The Auk 107: 660-668.

Persson, L. 1974. Endoparasitism Causing Heavy Mortality in
Eiders Ducks in Sweden. Xith Int. - Congres of Game
Biologists. Stockholm 1973: 255-258.

Persson, L. 1998. Fagelkolera pa Eider och andra faglar pa
Vistergarns utholme. - Bliacku 24: 91-93. (In Swedish).

Petersen, I.K., Pihl, S., Hounisen, J.P., Holm, T.E, Clausen, P.,
Therkildsen, O. & Christensen, T.K. 2006. Landsdaekkende
opteelling af vandfugle Januar-Februar 2004. - NERI Report
no. 606. 76 pp. (English summary)

Pihl, S., Petersen, LK., Hounisen, J.P. & Laubek, B. 2001.
Landsdeekkende optelling af vandfugle, vinteren
1999/2000. NERI Technical Report no. 356. - National
Environmental Research Institute. 46 pp.

Rayski, C. & Garden, E.A.1961. Life-cycle of an Acnthocephalan
Parasite of the Eider Duck. - Nature 192: 185-186.

Reading, C.J. 2007. Linking global warming to amphibian
declines through its effect on female body condition and
survivorship. - Oecologia 151(1): 125-131.

Reinecke, K.J. & Shaiffer, CW. 1988. A field test for differences
in condition among trapped and shot mallards. - Journal of
Wildlife Management 52: 227-232.

Roche, J.R., MacDonald, K.A., Burke, C.R., Lee, ].M & Berry,
D.P. 2007. Associations among body condition score, body
weight and reproductive performance in seasonal-calving
dairy cattle. - Journal of Dairy Science 90(1): 376-391.

Ronkd, M.T.H., Saari, C.L., Lehikionen, E.A., Suomela, J. &
Hakkild, K. 2005. Environmental changes and population
trends of breeding waterfowl in northern Baltic Sea. - Ann.
Zool. Fennici 42: 587-602.

Skerratt, L.F., Franson, J.C., Meteyer, C.U. & Hollmén, T.E.
2005. Causes of Mortality in Sea Ducks (Mergini)
Necropsied at the USGS-National Wildlife Center.
- Waterbirds 28(2): 193-207.

Spurr, E. & Milne, H. 1976. Adaptive significance of autumn
pair formation in the Common Eider Somateria mollissima
(L.). - Ornis Scandinavica 7: 85-89.

Stearns, S.C. 1992. The evolution of life histories. - Oxford
University Press.

Svensson, S., Svensson, M. & Tjernberg, M. 1999. Svensk
fagelatlas. - Var Fagelvirld, supplement 31. Stockholm.

Swennen, C., Duiven, P. & Reyrink, L.A.F. 1979. Notes on the
sex ratio in the Common Eider Somateria mollissima. - Ardea
67: 54-61.

Swennen, C. 1983. Reproductive output of Eiders Somateria m.
mollissima on the southern border of its breeding range.
- Ardea 71: 245-254.

Swennen. C. 1989. Gull predation upon Eider Somateria
mollissima ducklings: destruction or elimination of the
unfit? - Ardea 77: 21-45.

Swennen, C. 1990. Dispersal and migratory movements of
Eiders Somateria mollissima breeding in The Netherlands.
- Ornis Scandinavica 21: 17-27.

Swennen, C. & Smit, T. 1991. Pasteurellosis among breeding
Eiders Somateria mollissima in The Netherlands. - Wildfowl
42:94-97.

Swennen. C. 1991a. Fledging production of Eiders Somateria
mollissima in The Netherlands. - Journal of Ornithology
132: 427-437.

Swennen, C. 1991b. Ecology and population dynamics of the
Common Eider in the Dutch Wadden Sea. - Proefschrift.
Rijksuniversiteit Groningen.

Thom, V.M. & Garden, E.A. 1955. A heavy Mortality among
Eider Ducks. - Fair Isle Bird Observatory Bulletin 2: 325.

23



Thomas, V.G. 1986. Body condition of willow ptarmigan
parasitized by cestodes during winter. - Canadian Journal
of Zoology 64: 251-254.

Thompson, A.B. 1985a. Profilicollis botulus (Acantocephala)
abundance in the eider duck (Somateria mollissima) on the
Ythan estuary, Aberdeenshire. - Parasitology 91: 563-575.

Thompson, A.B. 1985b. Analyses of Profilicollis botulus
(Acantocephala: Echinorhynchidae) burdens in the shore
crab, Carcinus maenas. - Journal of Animal Ecology 54:
595-604.

Thompson, A.B. 1985c. Transmission dynamics of Profilicollis
botulus (Acantocephala) from shore crabs (Carcinus maenas)
to eider ducks (Somateria mollissima) on the Ythan estuary,
N.E. Scotland. - Journal of Animal Ecology 54: 605-616.

Tiedeman, R. & Noer, H. 1998. Geographic partitioning of
mitochondrial DNA patterns in European Eider Somateria
mollissima. - Hereditas 128: 159-166.

Tiedeman, R., Paulus, K.B., Scheer, M., von Kistowski, K.G.,
Skirnisson, K., Bloch, D. & Dam, M. 2004. Mitochondrial
DNA and microsatellite variation in the Eider duck
(Somateria  mollissima)  indicate stepwise postglacial
colonization of Europe and limited current long-distance
dispersal. - Molecular Ecology 13: 1481-1494.

Trivers, R.L. 1972. In Campbell (Ed.) Sexual Selection and the
Descent of Man. pp 136-179. Aldine.

van Heurn, W.C. 1952. De eerste waarnemingen van de
Eiereend, Somateria mollissima (L.), op onze Wadden-
eilanden. - Limosa 25: 32-33.

Watson, H, Lee, D.L. & Hudson, P.J. 1987. The effect of
Trichostrongylus tenuis on the caecal mucosa of young, old
and anthelmintic-treated wild red grouse, Lagopus lagopus
scoticus. - Parsitology 94: 405-411.

Weatherhead, P.J. & Greenwood, H. 1981. Age and condition
bias of decoy-trapped birds. - Journal of Field Ornithology
52:10-15.

24

Wheatley, K.E., Bradshaw, C.J.A., Davis, L.S., Harcourt, R.G.
& Hindell, M.A. 2006. Influence of maternal mass and
condition on energy transfer in Weddell seals. - Journal of
Animal Ecology 75(3): 724-733.

Williams, 1.C. & Harris, M.P. 1965. The infection of the gulls
Larus argentatus Pont., L. fuscus L. and L. marinus L. with
Cestoda on the coast of Wales. - Parsitology 55: 237-256.

Wolowicz, M., Sokolowski, A., Bawazir, A.S. & Lasota, R. 2006.
Effect of eutrophication on the distribution and
ecophysiology of the mussel Mytilus trossulus (Bivalvia) in
southern Baltic Sea (the Gulf of Gdansk). - Limnology &
Oceanography 51(1): 580-590 Part 2.

Ziesemer, F. & Riiger, A. 1997. Massdod av Ejder Somateria
mollissima och andra faglar fororsakad av Pasteurella
multocida? - Blacku 23: 31-32. (In Swedish).

Ost, M. 1999. Within-season and between-year variation in the
structure of Common Eider broods. - The Condor 101:
598-606

Ost, M., Mantila, L. & Kilpi, M. 2002. Shared care provides
time-budgeting advantages fro female Eiders. - Animal
Behaviour 64: 223-231.

Ost, M., Ydenberg, R., Kilpi, M. & Lindstrom, K. 2003a. Condition
and coalition formation by brood-rearing common Eider
females. - Behavioral Ecology 14(3): 311-317.

Ost, M., Ydenberg, R., Lindstrom, K. & Kilpi, M. 2003b. Body
condition and the grouping behaviour of brood-caring
female common Eiders (Somateria mollissima). - Behavioral
Ecology & Sociobiology 54: 451-457.

Ost, M., Vitikainen, E., Waldeck, P., Sundstrom, L., Lindstrom,
K., Hollmén, T., Franson, C. & Kilpi, M. 2005. Eider females
from non-kin brood-rearing coalitions. - Molecular Ecology
14: 3903-3908.



List of papers

Desholm, M., Christensen, T.K., Scheiffarth, G.,
Hario, M., Andersson, A., Ens, B.J., Fox, A.D,,
Nilsson, L., Waltho, C.M., Lorentsen, S.H.,
Kuresoo, A., Camphuysen, K.C.J., Kats, RK.H.
2002. Status of the Baltic-Wadden Sea population
of the Common Eider Somateria m. mollissima.
- Wildfowl 53: 167-203.

Christensen, T.K., Bregnballe, T., Andersen, T.H.
& Dietz, H.H. 1997. Outbreak of Pasteurellosis
among wintering and breeding common Eiders

Somateria mollissima in Denmark. - Wildlife
Biology 3: 125-128.
Pedersen, K, Dietz, H.H. Jorgensen, J].C.,

Christensen, T.K., Bregnballe, T. & Andersen,
T.H. 2003. Pasteurella multocida from outbreaks of
avian cholera in wild and captive birds in
Denmark. - Journal of Wildlife Disease 39(4):
808-816.

Christensen, T.K. 2005. Factors affecting the bag
size of the Eider Somateria mollissima in Denmark
1980-2000. - Wildlife Biology 11(2): 89-99.

Lehikoinen, A., Christensen, T.K,, Kilpi, M., Ost,
M., Saurola, P. & Vattulainen, A. Large-scale
changes in secondary sex ratio in a declining
population of Common Eiders Somateria
mollissima (submitted to Wildlife Biology).

6)

Christensen, T.K. 2000. Female pre-nesting
foraging and male vigilance in Common Eider
Somateria mollissima. - Bird Study 47: 311-319.

Christensen, T.K. 1999. Effects of cohort and
individual variation in duckling body condition
on survival and recruitment in the Common
Eider Somateria mollissima. - Journal of Avian
Biology 30: 302-308.

Christensen, T.K. 2001. Effects of duckling body
condition on hunting vulnerability in juvenile
and immature common Eiders Somateria
mollissima. - Wildlife Biology 7: 97-104.

Christensen, T.K. 2002. Variation in growth rate
and body condition of common Eider Somateria
mollissima ducklings within and between years.
- Danish Review of Game Biology 16: 25-32.

10) Kats, R.K.H., Christensen T.K., Baekgaard, H.,

Borgsteede, F.H.M., Ens, BJ., Camphuysen,
K.CJ., Meesters, EHW.G., Leopold, M.F. &
Drent, R.H. in prep. On the role of gastrointestinal
helminths (Amidostomum acutum and Profilicollis
botulus) in recent mass mortalities among
Common Eider (Somateria mollissima) wintering
in the Netherlands: a comparison between
beached and shot birds.

25



NERI
DMU

National Environmental Research Institute,
NERI, is a part of
University of Aarhus.

NERI’s tasks are primarily to conduct
research, collect data, and give advice
on problems related to the environment
and nature.

Further information:

National Environmental Research Institute
Frederiksborgvej 399

PO Box 358

DK-4000 Roskilde

Denmark

Tel: +45 4630 1200

Fax: +45 4630 1114

National Environmental Research Institute
Vejlsovej 25

PO Box 314

DK-8600 Silkeborg

Denmark

Tel: +45 8920 1400

Fax: +45 8920 1414

National Environmental Research Institute
Grenavej 14, Kalg

DK-8410 Reonde

Denmark

Tel: +45 8920 1700

Fax: +45 8920 1514

National Environmental Research Institute

Danmarks Miljgundersagelser

At NERI's website www.neri.dk
you'll find information regarding ongoing
research and development projects.

Furthermore the website contains a database

of publications including scientific articles, reports,
conference contributions etc. produced by

NERI staff members.

www.neri.dk

Management

Personnel and Economy Secretariat

Monitoring, Advice and Research Secretariat

Department of Policy Analysis

Department of Atmospheric Environment

Department of Marine Ecology

Department of Environmental Chemistry and Microbiology
Department of Arctic Environment

Monitoring, Advice and Research Secretariat
Department of Marine Ecology

Department of Terrestrial Ecology
Department of Freshwater Ecology

Department of Wildlife Ecology and Biodiversity



[Blank page]



In recent decades, the Baltic-Wadden Sea flyway population of Eiders has
undergone marked changes, first experiencing a steep increase during the
1970s and 1980s, followed by a marked decline during the 1990s. There
have been several reported incidences involving mass simultaneous mor-
tality amongst this population during the period of decline, each of which
were insufficient on their own to explain the overall level of decline.

The present thesis describes the overall population development in
the Baltic-Wadden Sea flyway population of Eiders. In relation to the re-
cent population decline, the thesis addresses the occurrence of epidemic
disease, parasite infestations and the implications of hunting in relation to
population development. The concept of body condition is introduced as
a common currency, because the role of body condition in relation to po-

pulation trends has not often been discussed in the literature. Finally, the
synopsis is used to discuss the potential conservation measures that may be
introduced and which might help in restoring the unfavourable develop-
ment of the Baltic Eider populations.
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