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INTRODUCTION

Danish coastal waters contain a great variety
of marine habitats formed by a mosaic of
bays, archipelagoes, lagoons, islands and
shoals, and represent one of the most impor-
tant staging and wintering areas for water-
birds in the Western Palearctic. Shallow
water areas less than 10 metres deep (Fig. 1)
cover to approximately 16,000 km?* (Joensen
1986). Furthermore, Denmark is centrally
situated in the passage flyways from Scandi-
navia and the northwestern Russia to the
southern part of Europe.

The interface between the shallow and
deep water areas of the North Sea and Ska-
gerrak creates strong gradients in the physi-
cal properties of surface water masses. Due
to the varied conditions, parts of Kattegat,
Skagerrak and the North Sea have some of
the world’s highest production rates of
plankton and fish (Behle 1989), attracting
large numbers of seabirds from the breeding
areas in the North Sea and the north Atlan-
tic.

Especially the seaduck species Scaup
Aythya marila, Eider Somateria mollissima,
Long-tailed Duck Clangula hyemalis, Com-
mon Scoter Melanitta nigra and Velvet
Scoter Melanitta fusca as well as the auks
Razorbill Alca torta and Guillemot Uria
aalge winter in these waters in large num-
bers (Joensen 1974, Danielsen et al. 1986,
Laursen 1989, Skov et al. 1987). Other
waterfowl species also occur in considerable
numbers, e.g. Red-throated Diver Gavia
stellata, Black-throated Diver Gavia arcti-
ca, Mute Swan Cygnus olor, Shelduck
Tadorna tadorna, Teal Anas crecca, Tufted
Duck Aythya fuligula, and Red-breasted Mer-
ganser Mergus serrator.

During 1965-73, the Game Biology Sta-
tion, now National Environmental Research
Institute, NERI, performed a number of aer-
ial surveys of the Danish costal waters to
determine the size and distribution of popu-
lations of waterbirds in spring, summer,
autumn and winter (Joensen 1968, 1973,
1974, Jepsen & Joensen 1973). The results

Fig. 1. Distribution of salt and brackish waters of less
than 10 m depth. Practically all other waters are less
than 50 m deep. The Wadden Sea is the only Danish
salt water area with a true tide; along all other coast
changes in water levels of 1-2 m, caused by the wind,
occur frequently.

of the midwinter counts were achieved in
collaboration with the International Water-
fowl and Wetlands Research Bureau
(IWRB) and were included in the Interna-
tional Waterfowl Census (IWC) of the West-
ern Palearctic (Atkinson-Willes 1976, Ruiger
et al. 1986, Pirot et al. 1989, Monval & Pirot
1989).

From 1973 to 1987 few attempts were
made to census the total Danish populations
of waterbirds. Tasker et al. (1987) summa-
rised eight consecutive years of surveys in
various parts of the North Sea using transect
surveys from ships in regular service. The
amount of data sampled in the Danish part
of the North Sea was, however, limited. In
the summers of 1985 and 1986, surveys of
moulting seaducks were initiated and in
1986, transects from ships in regular service
were initiated in offshore areas (Skov et al.



KARSTEN LAURSEN, STEFAN PIHL, JAN DURINCK, MOGENS HANSEN, HENRIK Skov, JOHN FRIKKE and FINN DANIELSEN

1987), although no attempts were made to
survey all the areas traditionally holding
high numbers of waterbirds.

Between 1985 and 1987, the Danish
Ornithological Society advocated strongly
the need to survey previously unsurveyed
waters which were believed to house impor-
tant concentrations of waterfowl in offshore
areas.

In 1987, NERI and the National Forest
and Nature Agency, NFNA, decided to
jointly fund a complete census of all Danish
waterbird areas. The need for relevant data
on waterbird abundance and distribution
was highlighted by a Danish Governmental
decision to invite applications to carry out
gas and oil exploitation in new areas in
1989. The data was needed, particularly
because increasing documentation indicated
oil as the single most serious cause of death
for protected seabirds. It became clear that
the surveys from 1968-73 had to be updated
to provide current information on geograph-
ical distribution and number of waterbirds
in coastal and shallow waters.

It was equally important to extend the
coverage to offshore areas of the North Sea,
Skagerrak, Kattegat and Baltic Sea especial-
ly for seabirds and seaducks, as even basic
knowledge was lacking on species composi-
tion, numbers and distribution. Additionally,
a parallel survey programme in offshore
waters was executed, partly in collaboration
with the Swedish Ornithological Society
and the Scandinavian Seabird Group.

The results of these surveys were also
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the existing international bird areas in Den-
mark designated under the Ramsar Conven-
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Aerial surveys of the coastal parts of
Denmark and Kattegat (see Fig. 2 for all
site names mentioned in the text) were con-
ducted in late summer, autumn, winter and
spring 1987-89 by NERI, which also per-
formed transect surveys from aircraft in all
parts of the offshore areas. Extensive cover-
age of the offshore areas by transects was
carried out from ships by Ornis Consult
A/S.

This paper presents the numbers and dis-
tributions of waterbird registered in aerial as
well as ship surveys in Danish waters from
1987 to 1989. The synthesis of species pre-
sentation has been based on comparisons of
results from aircraft and ships. Distribution
of seabirds (see “Data used”, p. 19) was
based mainly on results obtained from ship
surveys, whereas basic data on all coastal
waterbirds was obtained from aerial sur-
veys, except for Common and Velvet Scoter;
for these two species results obtained from
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coincide with annual wing-feather moult
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METHODS AND MATERIAL

Definitions of bird groups

The terminology concerning birds adapted
to a life in or close to the water has varied,
especially the terms seabirds and seaducks
(e.g. Tasker et al. 1987, Croxall et al. 1984,
Lloyd et al. 1991). In accordance with
IWRB practises adjusted in November 1992
the term waterbird embraces all species
associated with wetland or sea habitats; the
term seabirds includes Gaviidae, Podicipe-
didae, Procellaridae, Sulidae, Stercorariidae,
Laridae and Alcidae, and the term seaducks
includes Scaup, Eider, Long-tailed Duck,
Common Scoter, and Velvet Scoter.

Aerial survey techniques

Two different methods of aerial surveys
were used:

Engebretsen, Ulrika Ganning, Ole Gold-
smidt, Roar Gustavsen, Terje Gustavsen,
Lars-Bertil Gustavsen, Knut Arne Hansen,
Jens Lund Hansen, Jens Gert Hansen, Lars
Lund Hansen, Jimmi Skat Hansen, Per Hjal-
marson, Anders Hornesket, M. Hundide,
Erik Mandrup Jacobsen, Lars Jakobsen,
Annelise Jensen, Birger Jensen, Bjarke
Huus Jensen, Erling Jirle, Ricard Jirle, Kurt
Due Johansen, Michael Fink Jergensen, Nils
Kjellen, Niels M. Kofoed, Folmer Hjort
Kristensen, Henning Kristensen, Jon Kyed,
Xavier Lambin, Peter Lange, Thomas Lar-
sen, Vagn Larsen, Bjarke Laubek, Kim
Mouritsen, Morten Nielsen, Mikael Nord, Ib
Helles Olsen, Kent Olsen, Jens Skovgaard
Pedersen, Seren Petersen, John Grynderup
Poulsen, Michael Kgye Poulsen, Anders
Rasmussen, Helge Rinden, Mikael Ritman,
Frits Rost, Ejvind Rugland, Jan Erik Reer,
B. Sakseid, Torben Sebro, Terje Seidenfa-
den, Hans Peter Stange, Jens Otto Svendsen,
Rune Svensson, Cathrine Wist and Anders
Dsterby.

- countrywide surveys covering all the
coastal Danish waters and parts of Katte-
gat and the North Sea.

- transect surveys covering Danish off-
shore areas.

Only professional pilots with experience in
low-altitude flying were hired in order to
maintain a high level of navigation and safe-
ty during the surveys. The pilots decided
whether the weather conditions allowed safe
flights, while it was the responsibility of the
observers to determine whether the weather
conditions were good enough to conduct a
satisfying survey.

Ideal weather conditions for aerial sur-
veys were calm wind and sea, light cloud
cover and visibility of >10 km. Optimal
weather conditions were rarely experienced




KARSTEN LAURSEN, STEFAN PIHL, JAN DURINCK, MOGENS HANSEN, HENRIK SKOV, JOHN FRIKKE and FINN DANIELSEN

during the surveys, so the limits of tolerable
weather conditions were set at wind speeds
of <6 m/sec. and a visibility of >5 km.
Bright sunshine was avoided, as reflections
from the water surface made observations
difficult to perform.

Based on previous experience, it was
intended to conduct all aerial surveys with
two observers, each registering and counting
on his or her specific side of the aircraft.
The front-seat observer (chief-observer)
counted the birds in front of and to the right
of the aircraft, the co-observer to the left.
The front-seat observer also recorded his
own and the co-observers observations on a
dictaphone according to count area, and
navigated through the area, determining
flight-altitude and distances from the coast.
In areas with high densities of birds it was
found advantageous to let both the chief-
observer and the co-observer record separ-
ately on a dictaphone, each covering his sep-
arate side of the aircraft.

On most days, two aircraft were used in
the surveys but on days with favourable
weather conditions, up to four aircraft took

part in the surveys. The permanent staff
included four observers of whom one
always was the chief-observer and navigator.
The co-observer was either a member of the
permanent staff or a hired observer. All
observers were experienced in aerial sur-
veys, except on a few occasions where co-
observers with no or little experience were
chosen when no alternatives existed. A com-
plete national survey included transect fly-
ing and involved 10-12 observers. The large
number of observers, of course, introduced
more variation in the data collected, but the
increased variation was minimised by main-
taining at least one very experienced
observer in each team adjusting the method
and estimates obtained by the less experi-
enced observer.

Countrywide surveys

The countrywide surveys aimed at covering
all waterbird species occurring in the coastal
waters, on the coast or in coastal lakes (Figs.
2 and 3).

SKAGERRAK

KATTEGAT

NORTH SEA

SYDFYNSKE
%4

BALTIC SEA

Erihaimene~

Bomholm
Renns’
Banke

Lagstar

Harboors A 2 ( Bradning

Martager |
Flor7C

Fig. 2. Names of sites and areas mentioned in the text connected with presentation of results obtained in aerial sur-

veys of waterbirds in Denmark 1987-1989.
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Fig. 3. Division of Danish waters into
sections (A-E J, K, M, N, O, R, S, 1),
and the sub-sections (small letters
after main sections), used during aeri-
al surveys of waterfowl in the periods
1968-1973 and 1987-1989. In addition
to the 14 main sections the “U” sec-
tion comprises a 15th containing land-
based counts of lakes.

The Danish costal waters were divided
into 14 main geographical sections which
were divided into 44 sub-sections (Fig. 3);
these were further divided in 900 count are-
as. A 15th geographical main section com-
prised c. 70 inland freshwater sites. The bor-
ders of the sub-sections and count areas
were marked with their specific codes, reefs
and shoals on portable 1:200,000 scale
maps.

In countrywide surveys, complete cover-
age of all Danish coastal waters and Katte-
gat was attempted (App. I). This meant that
all coastlines, reefs, shoals and other marine
areas with maximum water depth of 10 m
were surveyed. In addition, some areas with
deeper water were covered.

All waterbirds were identified to the low-
est possible taxon and counted, although
gulls and terns, Laridae, were only recorded
during the surveys from late summer 1987
to spring 1988. Whooper Swan Cygnus cyg-
nus and Bewick’s Swan Cygnus bewickii
were often indistinguishable from the air-

craft and were pooled as “Yellow-billed
Swans”. For the same reasons, Razorbill and
Guillemot Uria aalge and divers were not
identified to species. Little Auk Alle alle
and Puffin Fratercula arctica were rarely
identified but were often recorded as auk sp.
All records of waterbirds consisted of spe-
cies, number of birds and count area code.

Coastal water surveys were carried out
from single-engined high-winged aircraft,
four-seat Cessna 172 and Cessna 182, and
two-seat Saab T-17. Survey flights were
flown at 180 feet (60 m) altitude at speeds
of 80-90 miles per hour (130-145 km/h).

Open sea surveys were conducted from
twin-engined high-winged aircraft (Cessna
337 and Partenavia Observer). The flight
altitude was the same as for the single-
engined aircraft, while the speed was 90-
110 miles per hour (145-175 km/h).

Only fast-flying aircraft were used. How-
ever, there are indications from both Sweden
(L. Nilsson, pers. comm.) and Denmark (J.
Madsen, pers. comm.) that slow-flying air-
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crafts like Piper Cup, Rally Commodore and
KZ-7 are somewhat more efficient for sur-
veys of waterbirds than the fast-flying air-
craft used in this study.

The degree of coverage and flight dura-
tion and effort depended on the topographi-
cal conditions in the survey area. In coastal
areas with shallow water, the coastline was
followed at a distance of 300-500 m. Addi-
tional surveys at distances of 1.5-2.0 km
were conducted to complete the census. At
open sea, far from coasts, routes were flown
parallel at distances of 2.0-3.0 km, always
including reefs and shoals. Finally, less sur-
vey effort was expended flying areas with
water depths exceeding 10 m, as these areas
often were associated with very low bird
densities.

Surveys in the T-17 and, on a few occa-
sions, in the Cessna 172 were carried out
with only one observer. Under such circum-
stances areas chosen for surveys included
those which had held comparatively low
densities of waterbirds during previous sur-
veys. In addition, the areas were covered
more intensively to compensate for the lack
of a co-observer. (See Pihl & Frikke (1992)
for a detailed description of aircraft survey
techniques).

Transect surveys
Transect surveys were conducted to obtain:

- coverage of open sea areas with water
depths of >10 m by strip transect sam-
pling,

- estimates of bird densities of widely dis-
persed and solitarily occurring species,
and

- controls of count results of some sea
duck species from areas covered by coun-
trywide surveys.

For this purpose, the total Danish sea terri-
tory was divided into square units each 1/4
degree of longitude 1/8 degree of latitude,
forming count areas of approximately 200
km?.

10

Transects were exclusively performed in
a Partenavia Observer aircraft with satellite
navigation equipment (Omega). All obser-
vations of birds consisted of name of spe-
cies, numbers observed and counting area
code.

The waterbirds registered included Gavii-
dae, Podicipedidae, Procellaridae, Sulidae,
Long-tailed Duck, Common Scoter, Velvet
Scoter, Stercoraridae, Laridae and Alcidae.

Observers registered birds occuring with-
in a 100 m zone on both sides of the aircraft
(see Pihl & Frikke 1992). A zone of 20 m
right below the aircraft was not covered due
to limited viewing conditions in the aircraft,
so the observed transect was 180 m. On a
few occasions, results were only recorded
from one side of the aircraft because sun
reflections from the water surface hindered
observations on the opposite side.

In the North Sea, Skagerrak and Kattegat
all the transect routes were conducted in a
south-north direction in sunny weather to
avoid blurring reflections in the water (Fig.
4). In the western parts of the Baltic Sea,
south-north transects were initiated, but
such short transects proved impossible to fly
and alternative routes with changing direc-
tions were chosen. For the same reason tran-
sects from Men to Bornholm and in the sur-
roundings of Bornholm were conducted
west to east. Large numbers of Long-tailed
Ducks had previously been recorded on
Ronne Banke, southwest of Bornholm
(Skov et al. 1987), and special attention was
paid to this area by flying transects three
times. The transects which are not indicated
on figure 3 were conducted in a southwest-
northeast direction according to the topogra-

phy.

Ship survey technique

Ship surveys along strip transects were car-
ried out following the methods suggested by
Tasker et al. (1984). Ship surveys were used
in preference to aircraft coverage to ensure
adequate census of the important concentra-
tion of divers, grebes and auks in offshore
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areas (Pihl et al. 1992). Transects using
chartered vessels were planned on the basis
of existing knowledge of seabird distribu-
tion to cover important habitats (Fig. 5), but
also in areas likely to support important sea-
bird concentrations (Schneider & Duffy
1985).

Birds were recorded in 300 m bands at
one side of the ship along transects. At any
time, the side of the vessel offering the best
observation conditions was chosen, mainly
to avoid the effects of sun glare and wind
and wave direction.

On most cruises, the 300 m observation
band was divided into two 150 m bands.
Birds were recorded continuously in 10-
minute intervals. All birds within the 300 m
band were recorded with particular empha-
sis on birds on the water. Flying birds were
recorded by scan samples (snapshot counts)
every 10 minutes to reduce bias introduced
by flying birds (Tasker et al. 1984). For spe-
cies which are difficult to observe or identi-
fy, only observations from the inner 150 m
band were used. Birds associated with ships
(e.g. fishing vessels) were recorded separ-
ately.

For ten surveys, vessels employed in
marine research (e.g. hydrographic studies)
were used, while chartered vessels ranging
from 30 to 400 tons were used during the
remaining three surveys. Ferry routes were
frequently used to supplement the coverage
in areas with high densities of seabirds and
in areas with little or no coverage. Both the
chartered and research vessels were manned
by professional crews and equipped with
modern navigational aids.

Chartered ships were only used under
good weather conditions, i.e. wind speed
below 8 m/sec and visibility of more than 5
km. Data sampled during poor conditions
from research ships was omitted from pro-
cessing. The ship-based survey teams con-
sisted of one to three observers, with up to
two observers operating at the same time.
No allowance has been made for the pos-
sible bias introduced by the varying number
of observers. Observations took place from
the top of the ships or from the open bridges

12

of research vessels, three to eight metres
above the sea surface. Vantage points were
chosen to maximise the view ahead of the
ship within a 90° sector to one side of the
ship. On all chartered ships observation
boxes were built to standardise observation
conditions. Only experienced observers
were chosen as the chief observer for each
ship.

Ship position, speed, and course were
recorded at the start and end of each tran-
sect, when changes occurred, and otherwise
at hourly intervals. Bird and transect data
were recorded on printed field sheets for
subsequent database storage.

In order to cover all survey areas within
the same periods between three and six
ships were working simultaneously and each
cruise lasted 12-25 days. A detailed descrip-
tion of ship survey techniques was pub-
lished by Webb & Durinck (1992).

Surveys 1987-1989
Aerial countrywide surveys

During the period January 1987-September
1989, 10 countrywide surveys of waterbirds
were carried out. They were conducted
in: late summer, autumn, winter and spring
(Table 1, Fig. 6).

The midwinter counts were performed in
January/February 1987, 1988 and 1989.
These surveys were supplemented by
ground counts of approximately 70 inland
freshwater sites (Fig. 7) and of the coastal
waters of Bornholm. From the countrywide
surveys and the ground counts, the total
Danish populations of wintering waterbirds
excluding seabirds were calculated and
formed the Danish contribution to the Inter-
national Waterfowl Counts (IWC) coordi-
nated by IWRB.

The survey of the winter of 1987 was
performed in a severe winter with extensive
ice cover in all Danish waters except the
North Sea and Skagerrak (Fig. 8). Mean
weather severity indices (an index calculat-
ed on the basis of temperature and wind
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a) Late summer 1987

d) autumn 1087

[P =

f) Winter 1987

Fig. 6. Aerial coverage (shaded areas) of waterfowl in the Danish waters during the 10 surveys(a-j)

in 1987-1989

... continued next page

13




KARSTEN LAURSEN, STEFAN PIHL, JAN DURINCK, MOGENS HANSEN, HENRIK SKOV, JOHN FRIKKE and FINN DANIELSEN

g) vinter 1988

i) spring 19088

speed) scored 266 compared with an aver-
age of 104 (Anon. 1989). The surveys in
winter 1988 and 1989 were conducted in
very mild winters with mean indices of 11
and 8, respectively (Anon. 1989).

Late summer surveys were performed in
August 1987, 1988 and 1989. The aim was
primarily to elucidate numbers and distribu-
tions of wildfowl during wing-moult, but all
observed waterbirds were registered (Table
1, Fig. 6a-c). Late summer surveys were
conducted under almost identical weather
conditions and use of survey hours (Table 1).

Autumn surveys were carried out in Oc-
tober/November 1987 and 1988, (Table 1,
Fig. 6d, €). These surveys tended to cover
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the passage of autumn migrating waterbirds.
In earlier studies, some species of water-
birds, e.g. Red-breasted Merganser and
Coot Fulica atra were found to be most
numerous at that time of the year (Joensen
1974). Autumn surveys were performed
under almost identical weather conditions
and expenditure of survey hours.

The weather in January 1987 was charac-
terised by high pressure over Scandinavia
and calm and sunny weather in Denmark,
and the survey was completed during a short
period (Table 1, Fig. 6f-h). The survey of
1988 was interrupted by several periods of
unstable, windy or foggy weather. In Janu-
ary 1989, the weather conditions were dom-
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inated by rapidly passing low pressures and
the wind speed was too high throughout the
month to perform countrywide surveys, and
this survey was exclusively carried out in
February.

Due to the different weather conditions,
the three midwinter surveys were not per-
formed during exactly the same periods of
the year. These differences of more than two
weeks between 1987 and 1988 and about
one month between 1988 and 1989 may
have affected the numbers and distribution
of the waterbirds.

The spring surveys were carried out in
March/April 1988 and 1989 (Table 1, Fig.
6i, j) with the aim to describe spring staging
areas and numbers of migrating waterbirds,
particularly of seaduck species concentrated
in high densities at this time of the year
(Skov et al. 1987). The survey of 1988 was  pig 7. Sites counted from the ground in the winters of
carried out a week earlier than the survey of  1987-1989.

1989. The weather conditions and cost of
survey hours were very much alike in the
two years (Table 1).

In January 1987, an incomplete transect

Aerial transect surveys survey was performed covering the North

Sea and Skagerrak where only scattered ice

In the period from January 1987 to Septem-  was recorded. Kattegat and the Baltic Sea

ber 1989, altogether four complete surveys were not surveyed due to heavy ice cover
and four reduced surveys were carried out.  (Table 1, Fig. 9a).

Table 1. Survey periods and time (hour; minutes) spent surveying the Danish waters from ship and aircraft during autumn (A),
winter (W), spring (SP) and late summer (LS)1987-1989.

Type of  Period/ w SP LS A w SP LS A w Sp LS A
survey time 87 87 87 87 88 88 88 88 89 89 89 89
Ship Periods 11/01- 27/04- 03/08- 29/09- 14/01- 04/04- 20/07- 10/10- 19/01- 06/10-
surveys 20/03 30/05 07/09 01/12 17/03 16/05 24/08 09/12  19/03 11/12
Time:h;min.  183;20 48;40 126;50 311;10 310;30 234;20 220 176;20 171;50 211;10
Aircraft  Periods 16/01- 11/08- 20/10- 05/01- 07/03- 18/08- 24/10- 11/01- 18/03- 14/08-
SUIVEYS o 18022408 181122102 27/04 3108 15712 28/02  27/04 | 12109
Total Main period  16/01- 11/08- 25/10- 12/01- 08/03- 18/08- 24/10- 01/01- 27/03- 19/08-
surveys 26/01 20/08 10/11  22/02 28/03 30/08 20/11 22/02 19/04  03/09
Median date  19/01 13/08 05/11 07/02 23/03 24/08 07/11 17/02 29/03  29/08
Time:h;min.  58;37 64;:47 7820 83;36 9539 6743 77,56 84;23 87;,02 67;18
................... Coverage 7%  ..20% 9% 9% %% N% 8% %% 9% %% ..
Transect  Survey period 18/02- 29/08  23/10- 23/01- 09/03- 21/09- 15/12 28/03-
surveys 19/02 10/11  07/02 27/04 11/10 20/04
Time:h;min.  9;55 4;00 21;30 5;54 17,28 14;21 1,50 14;41
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Fig. 8. Occurrence of ice cover in Danish waters on 30 January 1987 (after Anon. 1989).

In September 1987, an incomplete tran-
sect survey covering the Skagerrak was per-
formed (Table 1).

In October/November 1987, an incom-
plete transect survey of all the Danish
waters except the eastern parts of the Baltic
Sea was performed. (Table 1, Fig. 9b).

In January 1988, an incomplete survey
covered the western parts of the Baltic Sea
(Table 1).

In March/April 1988, a complete transect
survey of the Danish open sea areas was
conducted (Table 1, Fig. 9c).

In September/October 1988, a complete
transect survey of all Danish waters except
Skagerrak was performed (Table 1, Fig. 9d).

In December 1988, an incomplete tran-
sect survey covered the eastern parts of the
Baltic Sea (Table 1).
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In March/April 1989, a complete transect
survey of all Danish waters except the re-
mote parts of the North Sea was conducted
(Table 1, Fig. 9e).

Ship surveys

In the period January 1987 - November
1989, eight surveys covering large areas and
two reduced surveys were carried out.

During January-February 1987, extensive
surveys of all open water areas were made
from the research ships Dana, Argos and
Gunnar Thorson supplemented with obser-
vations from ferries in Skagerrak. Due to
heavy ice cover in Kattegat and the Baltic
Sea, the major part of the coverage of these
two areas was directed into the deeper, ice-
free areas (Fig. 10a).
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In April-May 1987 scattered transects
were made in the North Sea, Skagerrak,
Kattegat and the western part of the Baltic
Sea using the research ships Gunnar Thor-
son and Aurelia, supplemented with obser-
vations from ferries in Skagerrak (Fig. 10b).

In July-August 1987, most of the North
Sea, Skagerrak and Kattegat was covered by
surveys from the research ships Dana and
Tridens supplemented with observations
from ferries in Skagerrak. Less effort was
used in the areas in the southern Kattegat

and the inner part of the North Sea (Fig.
10c).

In October-November 1987, surveys
from four chartered ships were performed in
all areas with the exception of the Norwe-
gian sectors and areas in the Baltic Sea and
the Straits. These surveys were supported by
results from several ferry routes (Fig. 10d).

In January-February 1988, complete co-
verage of offshore areas was obtained from
five chartered ships and the research ships
Dana, Argos, and Gunnar Thorson supple-
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Fig. 9. Transect lines surveyed from aircraft in 1987-1989 given according to season: a) Ja-
nuary/February 1987, b) October/November 1987, ¢) March/April 1988, d) September/Octo-

ber 1988 and e) March/April 1989 (compare Fig. 4).

... continued next page
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mented with ferry route observations. Less
effort was made in the Norwegian sectors
(Fig. 10e).

In April-May 1988, complete coverage
was obtained from four chartered ships, the
research ship Gunnar Thorson and ferries.
The western parts of the North Sea as well
as Kattegat and the Norwegian sectors were
not covered during this period (Fig. 10f).

In July-August 1988, complete coverage
was established using the research ships
Argos, Aurelia, Gunnar Thorson and sup-
plementing ferry routes. The eastern part of
the Baltic Sea received little attention during
this period (Fig. 10g).

In October/November 1988, complete
coverage of the North Sea, Skagerrak and
Kattegat was gained by using the research
ships Eldjarn and Dana and some ferry
routes in addition (Fig. 10h).

All areas were covered during January-
February 1989 using the research ships

Argos and Gunnar Thorson, and by using
ferries as support (Fig. 10i).

In October/November 1989, the North
Sea and Kattegat were completely covered
by using the research ships Tridens and Eld-
jarn, one chartered ship and ferry routes as
support (Fig. 10j).

Reliability of the data
Data used

The source of results for each species varies,
depending on how well the species was cov-
ered by the various methods and on the dis-
tribution and behaviour of the species.
Countrywide surveys from aircraft as
well as transect surveys from both aircrafts
and ships were used as methods, causing
variations in coverage of relevant habitats

9

JANUARY-FEBRUARY 1987

°)

JULY-AUGUST 1987

9

OCTOBER-NOVEMBER 1987

Fig. 10. Transect lines surveyed from ship 1987-1989 given according to season: a) January/February 1987, b)
April/July 1987, c) July-August 1987, d) October/November 1987, e) January/February 1988, f) April/May 1988, g)
July/August 1988, h) October/November 1988, i) January/February 1989 and j) October/November 1989.

... continued next page
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and identification difficulties. Comparisons
of the results from the various survey tech-
niques were evaluated on a species level to
identify the best set of data:

The results of swans, Shelduck, dabbling
ducks, small diving ducks Aythinae,
Goldeneye and Mergansers Merginae, Coot
and Black-headed Gull Larus ridibundus
come exclusively from data from the coun-
trywide aerial surveys, due to the birds’
occurrence close to the coasts (Table 2).

The results for Common Scoter are based
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equally on countrywide aerial surveys and
transect surveys from both ship and aircraft
(Table 2).

The results for divers, grebes, Fulmar
Fulmarus glacialis, Gannet Sula bassana,
Long-tailed Duck, Velvet Scoter, Great Skua
Stercorarius skua, Little Gull Larus minu-
tus, Kittiwake Rissa tridactyla and auks
were based primarily on ship transects due
to their dispersed distribution in offshore
waters and, where gaps occurred in space or
time, on aerial transects (Table 2).




Numbers and Distribution of Waterbirds in Denmark 1987-1989

Table 2. The result of the 38 different species in Den-
mark, 1987-1989, were obtained in aircraft and ship
surveys according to the methods used in the following
way: +++ indicates that the presented results were pri-
marily based on this method, ++ indicates that the
respective method contributed extensively to the finally
presented results, and + that only few data obtained by
the respective method was included as a basis of the
presented results.

AIRCRAFT SHIP

SURVEYS SURVEYS
Species Total Transect Total Transect
Red-/Black-throated Diver + + +++
Great Crested Grebe ++ + + +++
Red-necked Grebe o Fo A
Fulmar e+ + 4
Gannet 4 + o+
Cormorant +++
GreyHeron .. B
Mute Swan +++
Bewick’s/Whooper Swan ~ +++
Shelduck 4+
Wigeon R
Teal 4+
Mallard .
Pintail +++
Pochard e b/ N
Tufted Duck +++
Scaup +++
Eider .
Long-tailed Duck B S oL
Common Scoter +++  +++ + +++
Velvet Scoter + ++ + +++
Goldeneye +4+
Red-breasted Merganser AR
Goosander +++
Coot 4+
Great Skua + +++
Black-headed Gull +++
Commoll Gull ++ + + +++
Lesser Black-backed Gull - - - -
Hering Gull . (ST SO SO 14
Great Black-backed Gull ++ + + +4++
Kittiwake + + 4+
Guillemot + 4+
_Re_l_zorbill ________________ + I
Black Guillemot + +++
Little Auk + +++
Puffin +++

The results for the remaining species of
gulls come from data from ship transect sur-
veys and countrywide aerial surveys (Table 2).

Due to a rather heterogeneous occur-

rence, the seaducks were treated on an indi-
vidual basis (see introductory remarks about
Eider, Long-tailed Duck and Common and
Velvet Scoter).

Aerial surveys

Aerial surveys were conducted at a speed
which left very little time to identify and
count the birds. Small flocks were counted
one by one, but when the flocks exceeded
30-50 birds the numbers were estimated.

Joensen (1968, 1974) reported underesti-
mation as the most common error in aerial
surveys, especially when estimating huge
flocks of 30,000-50,000 birds. Follestad et
al. (1988) did not study very large flocks,
but reported underestimation in flocks of
50-400 and overestimation in larger flocks.
The tendency to overestimate was more pro-
nounced for dispersed flocks than for dense
flocks.

Nilsson (1975) compared results from
aerial surveys with those of ground and boat
counts in Swedish coastal waters. He found
the efficiency of aerial surveys to be highest
in Long-tailed Duck and Scoters. Only for
Goosander (64%) and Red-breasted Mer-
ganser (39%) was the efficiency in aerial
surveys lower than 75%.

A more detailed study of the reliability of
surveying techniques and of the size of
errors in data collected on basis of aerial
surveys is currently being planned at NERI.

Experience in observing from aircraft
was very important. With growing experi-
ence, the navigation and identification
became easier, and the estimation of the
numbers more reliable. Thus, it is likely that
the best coverage was obtained in 1988 and
1989. Differences in plumage, numbers,
habitat and behaviour caused unequal
chances of registering the different species
of waterbirds. This was not considered hav-
ing affected comparisons between the aerial
surveys as this bias was constant.

Similarities in plumage caused some
identification problems. Whooper Swan
Cygnus cygnus and Bewick’s Swan Cygnus
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bewickii were often indistinguishable and
were recorded as Whooper Swan/Bewick’s
Swan (“Yellow-billed Swan”). Goldeneye,
Red-breasted Merganser and Goosander
Mergus merganser look similar from the air
which may have led to misidentification in a
few cases. In late summer, flying young
Shelducks sometimes looked like gulls, and
especially solitary birds in groups of gulls
may have been overlooked. Correct separa-
tion of Common and Velvet Scoters needed
some experience, particularly at distances
larger than 300 metres. The shape of head
and the behaviour are conspicuously differ-
ent for the two species, which can be distin-
guished with experience. However, the bias
in identification of the two species may have
been unequal. Common Scoter was often
scared off by the aircraft even at distances of
several kilometres and more than 95% of
the registered individuals of this species was
recorded flying. Velvet Scoter tended to stay
on the water and was, thus, possible to
detect at a much shorter range from the air-
craft; the coverage of Velvet Scoter was
believed to be much less effective than that
of Common Scoter.

Gadwall Anas strepera, Pintail Anas acu-
ta, Garganey Anas querquedula, and Shov-
eler Anas clypeata were often mixed with
more numerous species of waterbirds and
difficult to detect, and were thus probably
underestimated. In addition, the dabbling
ducks often took off at some distance when
the aircraft approached making identifica-
tion more difficult. Pochard Aythya ferina
mixed with huge flocks of Tufted Duck and
was often hard to detect.

Teal, Mallard Anas platyrhynchos, Poch-
ard, Tufted Duck, Goosander and Coot
occurred in both freshwater and marine are-
as. As the freshwater sites were only cov-
ered to a limited extent by the surveys, the
results did not reflect the numbers for the
country as a whole.

For divers, grebes, Long-tailed Duck and
auks which are widely dispersed, a country-
wide survey was impossible.

Grebes, Long-tailed Duck, moulting
Scoters and Goldeneye often dived when the
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aircraft approached. Cormorant Phalacroco-
rax carbo was predominantly registered
when sitting on fish poles or on reefs, as it
was difficult to detect when feeding solitari-
ly often far from the coast. Special light
conditions sometimes made even big flocks
of Coot hard to observe especially when
occurring in the shadow from woods close
to the coast.

Gulls were only counted from late sum-
mer 1987 to spring 1988. Swans and ducks
were always the primary objects and gulls in
that respect secondary; gulls were recorded
only when numbers exceeded 10 individuals
of Great Black-backed Gull Larus marinus,
20 individuals of Common Gull Larus
canus and 50 individuals of Black-headed
Gull or Herring Gull Larus argentatus. This
of course made the data less reliable and
more vulnerable to errors.

Ship surveys

The ship-based surveys were conducted
from several types of ships sailing at differ-
ent speed and bearing the observation plat-
form at different heigths. This may have
affected recording efficiency and species
identification leading to variations between
surveys. Speed-induced errors in the density
estimates were minimised by limiting the
use of ships running at high speeds (princi-
pally ferries).

Although it was considered essential that
the observer efficiency was kept at a con-
stant high level, periods of prolonged obser-
vation in some cases could not be avoided.
Crossing of high bird density areas created
problems for the observer maintaining a
high recording efficiency and rate of species
identification. It is likely, that the numbers
of birds actually recorded within these clus-
ters are underestimated. The experience of
the observers was therefore considered of
primary importance.

Observations were carried out during
several cruices onboard marine survey ves-
sels involved in studies with different
objects than seabirds. These ships covered
marine areas by the use of different strate-
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gies depending on aims of the surveys.
However, only surveys that covered wide
areas and a wide range of depth zones with-
in the study area were chosen. Therefore,
the results from research cruises as well as
from chartered vessels were considered
comparable for shallower as well as for
deeper habitats.

The distance between transects from
chartered ships varied both within and
between surveys being smallest in areas
with expected clustered distribution of the
seabirds. For all species except divers (see
these) more than 90% of the birds within
transects were identified.

Because flying birds of some species are
attracted by ships, the numbers of these spe-
cies might have been overestimated. To ana-
lyse the amount of deviation from the mean
abundance of birds in the area surveyed, the
densities of flying Fulmar, Gannet, Great
Skua and gulls were compared with the den-
sities of birds observed on the water. These
species are known to exploit fishery waste,
and they were often recorded aggregated in
proximity to fishing activities. Therefore,
such flocks were excluded from the analyses.

Handling of data and statistics
Countrywide aerial surveys

All data was coded on computer and
checked against the original tapes or sheets.
Maps illustrating the survey routes were
drawn, and information on the weather, air-
borne time, survey time, type of aircraft,
observers, pilot and any additional informa-
tion was recorded. Totals of all species in
the count areas made up the basis for com-
puterised mapping of the distribution.

Transect surveys

All data was coded on computer, and all
files were controlled for errors against the
original sheets or tapes.

The analyses of aircraft observations,
which were used for the dispersed species of

seaducks, e.g. scoters and Long-tailed Duck
were made by calculating the mean density
of each square unit (see chapter Methods
and Material: Transect surveys) based on
the assumption that the birds were evenly
distributed within the square crossed. The
calculation was:

N
LxW

where D expresses mean density, N
expresses number of birds recorded in the
transect, L length of transect surveyed and
W width of transect.

The analyses of data obtained from ship-
based transects differed from the analysis of
aerial transects. Although the same equation
was used to calculate mean density within
surveyed areas, the low value of L for ships
made it possible to plot mean densities on a
nautical map at a resolution of 2-3 km. The
high precision of counts along sections of
transect segments with different densities
permitted the estimation of densities within
relatively small areas. The number of hec-
tares within each area was measured on the
master map by a planimeter. Special empha-
sis was put on the high density areas in
order to avoid over-extrapolation of the geo-
graphical extension of these areas. Linkage
of high density segments between neigh-
bouring transects was only carried out when
the minimum distance between the transects
did not exceed 10 nautical miles (18.5 km).
Due to the limited structure of the sampling
in most of the surveys, the densities are pre-
sented without confidence limits.

Areas bordering areas with low or no
effort were marked by open isolines, while
the zones with different densities were
marked by solid lines.

All birds that were not associated with
fishing activities, including flying individ-
uals counted through snapshots, were
included in density calculations. No adjust-
ment of densities of birds on the water were
made in order to make allowance for incom-
plete detection within the transect bands
(Tasker et al. 1987). Instead, a comparison
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was made between the 150 metre and the
300 metre transect strips for all species, and
the most efficient strip was chosen as the
basis for density calculation of the species.
The estimates were then calculated, assum-
ing that all birds within the more efficient
strip had been counted.

Comparison with the results of
the surveys in 1968-1973

In the period 1968-1973, the Game Biology
Station conducted countrywide aerial sur-
veys in November 1968 and 1969 and in
January 1969, 1970, 1971 and 1973. An
incomplete survey exists from March 1969,
but is only compared with the 1987-1989
study in a few cases. Countrywide surveys
were not conducted in August from 1965 to
1973, but smaller surveys throughout this
period covered the Danish waters almost
completely.

The method used to estimate the numbers
and distribution of waterbirds during 1968-
1973 was to combine countrywide aerial
surveys and extensive ground counts. To
make the results comparable to the 1987-
1989 study, the data from the countrywide
surveys in 1968-1973, omitting the ground
counts, were computerised using the same
method as for the countrywide surveys in
1987-1989. The numbers and distributions
of waterbirds in 1968-1973 in this paper
therefore differ from the results published
by Joensen (1974).

The central parts of Kattegat were well
covered by the 1987-1989 aerial surveys,
but only superficially covered in 1968-1973.
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The west coast of Jylland from Blavandshuk
to Skagen and the surroundings of Born-
holm were only occasionally covered during
both sets of countrywide aerial surveys.
These three areas are excluded from the cal-
culations of the total coverage percentage
for the countrywide aerial surveys (App. I).
The method used to perform the surveys in
1987-1989 was practically the same as the
method used in 1968-1973 including the
division of the Danish waters, but the
expenditure of survey hours and coverage
differed somewhat. During 1968-1973, a
total of 44-55 survey hours was used to con-
duct one countrywide survey and the cover-
age ranged from 84% to 91% of the Danish
waters; during 1987-1989 a total of 58-95
surveys hours was used and the coverage
ranged from 90% to 98% (see Table 1).

During 1968-1973, the autumn surveys
were conducted later in the year than during
1987-1989. The survey periods included 5-
25 November 1968 with 13 November as
median date and 11 November-20 Decem-
ber 1969 with 26 November as median date
(see Table 1). This difference in time affect-
ed the comparability of the results of species
that arrive late in the year to the wintering
grounds in Danish waters.

Of the four previous winter surveys, 1969
and 1971 were about normal with severe
weather index (SWI) of 116 and 84, respec-
tively, whereas 1970 was severe (SWI =
208) and 1973 was mild (SWI = 11). During
the present study, 1987 was severe (SWI =
266) whereas the other two winters were
mild, SWI = 11 and SWI = 8, respectively.
The average SWI in Denmark is 104 (Anon.
1989).
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RESULTS

The results are presented systematically in
the following way:

”Total numbers” outlines the range of the
numbers of birds counted or estimated,
and any possible trend in numbers
appearing during the study.

- ”Moult” is included in six species and
describes in short the occurrence of often
flightless birds moulting their wing-
feathers in late summer.

- ”Geographical distribution” describes the
areas where species occurred most abun-
dantly in each season and major differ-
ences in distribution between seasons.
Results from countrywide aerial surveys
are presented in figures showing distribu-
tion and total numbers recorded; results
from transect surveys are presented in
figures showing densities.

- ”Numbers in the geographical sections”
includes comparisons between seasons,
years and/or areas. Waterbirds except
gulls recorded on freshwater sites are
included. For species where numbers at
coastal and inland freshwater sites in
winter exceed 5% of the total the propor-
tion in winter 1989 when the coverage of
inland sites was best is mentioned. Any

sites or well defined areas with numbers
classifying them as internationally impor-
tant according to international standards
(Rose & Scott 1994) are mentioned.
”Dispersion” describes in few words the
dispersion in Danish waters including
flock structure.

”Species composition” is added (divers
and “Yellow-billed Swans”) when iden-
tification to species level has been pos-
sible only in some of the observations.
”General comments” includes a general
species discussion. The proportion of the
total population recorded in Danish
waters is given. In species without avail-
able current estimates on the population
size, the estimated number of breeding
pairs in northern Europe including the
northwest Atlantic Sea has been multi-
plied by a factor 3-4 for Fulmar, Gannet
and gulls and 2'/2-3'/> for Auk to include
juveniles and non-breeders.

”Seasonal and geographical variation”
includes discussion of these specific top-
ics.

”Comparison with the results of the sur-
veys in 1968-1973” is presented only
where the species have been surveyed
during former aerial surveys.
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Red-throated Diver Gavia stellata and Black-throated Diver Gavia

arctica

Total numbers
In autumn estimates of the total numbers
(excluding Baltic Sea waters) varied from
3,000 to 7,500 birds, in winter from 12,500
to 39,000 birds and in spring from 28,000 to
39,000 birds (App. II).

During countrywide surveys, divers were
additionally regularly recorded in late sum-

mer surveys when a few birds were
observed in Sejergbugten.

Geographical distribution

In general, divers were concentrated in areas
of less than 30 m depth except in the severe
winter of 1987.

(o]

a)
OCTOBER-NOVEMBER 1987
0.1-0.99
1.0-1.99

O

b)
JANUARY~FEBRUARY 1987
% 0.1-0.99
v
1.0-1.99

Fig. 11. Distribution and density of Red-throated/Black-throated Diver in Dan-
ish waters during autumn 1987 (a), winter 1987 (b), 1988 (c) and spring 1988

(d), based on surveys from ship.

26

... continued next page



Numbers and Distribution of Waterbirds in Denmark 1987-1989

c)

JANUARY—-FEBRUARY 1388

0.1-0.99

d)
APRIL-MAY 1988
/) o.1-099

1.0-1.99

2.00

In all seasons, large densities of birds
were recorded in two areas: off the Wadden
Sea and in northern Kattegat (Fig. 11). Off
the Wadden Sea, large concentrations were
observed from Reme to Hvide Sande up to
75 kilometres off the coast. In northern
Kattegat, the birds were concentrated in a
triangular area bordered by eastern Jylland,
Lasg and Anholt. High densities were
found in several localised areas, most no-
table during late spring along the northern
part of Jylland and in Jammer Bugt in Ska-
gerrak, and during the severe winter of 1987
(Fig. 11b) on Renne Banke in the Baltic
Sea.

Numbers in geographical sections

In almost all areas numbers increased from
autumn to winter and in particular from
winter to spring (App. II). In the area off the
Wadden Sea the estimated numbers
increased from 1,700-2,200 birds in autumn
to 28,500 birds in spring.

In northern Kattegat, the estimated num-
bers were less variable ranging from 900-
4,500 birds in autumn to 3,700-6,800 birds
in spring.

Off the northern part of the west coast of
Jylland and in Jammer Bugt, two surveys in
late spring 1988 demonstrated the migration
of divers through these areas. In late April,
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500 birds were estimated, while in the mid-
dle of May, 4,300 birds were estimated
along the west coast and 4,500 in Jammer
Bugt. Observations of divers in lagoons and
inlets were generally few, but one record
was unique: on 28 March 1988 a flock of
420 Red-throated Divers were recorded in
Nissum Bredning.

Internationally important numbers of
>590 divers (Danielsen et al. 1993) were
estimated in autumn, winter and spring off
the Wadden Sea and in northwestern Katte-
gat, and in winter or spring in Jammerbugt,
Tannis Bugt, Albazk Bugt, southwestern
Kattegat, Skilderviken, Sméilandshavet,
Femer Belt and at Renne Banke.

Dispersion

Within the areas, the birds were dispersed
and usually recorded singly or very few
together though flocks of more than ten birds
were occasionally recorded especially in
autumn.

Species composition

About 30% of the birds were identified to
species. West of the Wadden Sea the propor-
tion of Red-throated Divers decreased from
93% in autumn 1987 to 54% in the winter of
1988 and to 26% in the spring. A high pro-
portion of Red-throated Diver (85%) was
recorded along the northern part of the west
coast during late spring 1988 and in the
Straits and the Baitic Sea in winter (66%)
and in spring (69%).

General Comments

Despite the variation in coverage, popula-
tion estimates of the most important areas
could be calculated, and it was considered
possible to base a reliable total figure of
divers in the Danish waters on these esti-
mates.

The estimated midwinter population of
divers is 59,000 individuals in northwestern
Europe (Danielsen et al. 1993), and num-
bers in Danish waters comprised up to 13%
of this total in autumn and 66% in winter
and spring.
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Seasonal and geographical variations

The distribution of divers was similar
between seasons and years, with more than
70% occurring in the two main areas, i.e.
the Wadden Sea and northwestern Kattegat,
during the five extensive surveys.

The relatively low numbers off the Wad-
den Sea coast during all three autumn sur-
veys may reflect the fact that most birds
passing Blavandshuk (Meltofte & Kierboe
1973) in October-November do not stop
there, but continue their southward migra-
tion. The prominence of the Red-throated
Diver off the Danish part of the Wadden Sea
in autumn indicates that this area was
exploited by this species during the moult-
ing period in September-December (Cramp
& Simmons 1977).

The numbers of wintering divers seemed
to vary with the severity of winter. Divers
off the Wadden Sea coast were much more
extensively distributed and the estimated
numbers were much higher in severe win-
ters than in subsequent mild winters. On
Renne Banke, in the Baltic Sea, the num-
bers of wintering divers were similarly
much higher during severe winters com-
pared with mild winters. Unfortunately,
northern Kattegat was not covered in winter
1987.

Spring numbers of divers were generally
larger than those in winter, especially off the
Wadden Sea supporting the idea that divers
concentrate in this area in late spring as
indicated by the large numbers of migrating
divers recorded at Blavandshuk (Meltofte &
Kigrboe 1973). A similar increase in num-
bers of divers off the Danish part of the
Wadden Sea from winter to spring was
recorded during 1979-1986 (Tasker et al.
1987). The data on species composition in
1988 indicated an influx of Black-throated
Divers to the area off the Danish Wadden
Sea during winter and spring. The numbers
seemed to peak before the spring period,
when at least 75% of the divers present were
Black-throated. The large influx occurred
immediately before the onset of the primary
moult in this species during March-April
(Ginn & Melville 1983, II’icev 1985). The
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lack of comparable numbers of Black-
throated Divers in other parts of western
Europe during spring indicates, that the spe-
cies uses the waters off the Wadden Sea as
an important area for the primary moult.

The large numbers recorded in spring
further north along the west coast of Jylland
and in Jammerbugt, correspond well with
the large migration of Red-throated Divers
along the northern parts of the west coast
(Meller 1978, Danielsen et al. 1989), and
former surveys in the area (Tasker et al.
1987, Ornis Consult A/S, unpubl. data
1986).

The two species of divers seemed to
choose different routes when leaving the
area off the Wadden Sea. Large-scale migra-

tion of Black-throated Diver has only been
observed along the coasts of the eastern
parts of the Baltic Sea (Ilicev 1985), prob-
ably entering the Baltic Sea area directly
from the North Sea by flying over land.
Red-throated Diver follows the west coast
northwards according to Meller (1978) and
Danielsen et al. (1989) which was supported
by records of large numbers of divers, most-
ly Red-throated, in Jammerbugten during
the 1987-1989 study.

Wintering divers in the North Sea may
depend on concentrations of Herring Clupea
harengus, Sprat Sprattus sprattus and
Whiting Merlangius merlangus according
to Durinck et al. (1993).

Great Crested Grebe Podiceps cristatus

Total numbers

The numbers of Great Crested Grebe
recorded during countrywide surveys varied
from 90 birds in the severe winter of 1987
to 853 birds in late summer (App. III). Dur-
ing transect surveys in winter 1987, 9,500
birds were estimated in the Baltic Sea (App.
II). During all other transect surveys, the
estimated numbers varied with up to 200
birds.

Geographical distribution

During countrywide surveys, the birds were
particularly numerous in Limfjorden (sec-
tion C). In winter, the majority of birds were
recorded in Lillebelt (J), but in spring and
late summer relatively high numbers were
also recorded in Ringkebing Fjord and Nis-
sum Fjord (B).

Numbers in geographical sections

The large offshore concentrations in the
Baltic Sea, estimated at 4,750 birds in Fe-
mer Balt and 4,700 on Renne Banke, were
recorded in the winter of 1987 (Fig. 12)
when numbers were at their lowest in all
other parts of the Danish waters.

Great Crested Grebe was recorded at
inland sites in numbers varying from none
during the severe winter of 1987 to 368
birds in the mild winter of 1988, equivalent
to 81% of the total from all inshore and
freshwater sites in that season.

Internationally important numbers could
not be derived from the observations, as a
population estimate of northwestern Europe
is lacking. However, it is evaluated, though,
that the concentrations estimated on Renne
Banke and Femer Belt in the Baltic Sea
during winter 1987 were of international
importance.

Dispersion

With a few exceptions, the birds were con-
centrated in many sheltered coastal sites.
The occurrence of birds scattered in a large
area in offshore Baltic Sea waters during
winter 1987 marked a strikingly different
dispersion and distribution pattern during
severe conditions compared with mild win-
ters.

General comments
Only a fraction of the potential freshwater
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Fig. 12. Distribution and density of Great Crested Grebe in Danish waters
during winter 1987, based on surveys from ship.

areas for Great Crested Grebe in Denmark
was covered, hence it is not possible to
describe seasonal patterns. The low num-
bers recorded during coastal surveys in win-
ter indicate that a considerable proportion of
the Danish population winters outside Dan-
ish waters (Cramp & Simmons 1977).

Due to the lack of recent estimates on the
population size in Europe, the significance
of the numbers found in Danish waters dur-
ing the 1987-1989 study cannot be evaluat-
ed.

Seasonal and geographical variations

The much higher numbers recorded in off-
shore waters in the Baltic Sea during the
severe winter of 1987 were probably caused

by severe ice conditions elsewhere in the
Baltic Sea and at inland sites in countries
bordering the Baltic Sea. In Dutch waters,
Camphuysen & Derks (1989) found a sig-
nificant correlation between numbers of
Great Crested Grebe in the IJsselmeer and
severe winter conditions. The numbers in
1987-1989 indicate that only in severe win-
ters, high numbers of this species are occur-
ring in Danish waters.

The largest winter concentrations record-
ed in western Europe were 18,000 birds in
the Delta-area in the Netherlands in January
1986 (van den Bergh 1988) and up to
22,000 birds wintering in Swiss lakes
(Bauer & Glutz 1966).

Red-necked Grebe Podiceps grisegena

Total numbers

Four total estimates of all regions were cal-
culated from transect surveys; in autumn
1987 and 1989: 1,300 and 3,600 birds, in
winter 1988: 1,800 birds, and no birds in
late summer 1988 (App. IV). During coun-
trywide surveys Red-necked Grebe was
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regularly recorded in small numbers during
all seasons including late summer when the
maximum total was 115 birds in 1989.

Geographical distribution
During autumn, winter and spring, the
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majority of birds were observed in northern
Kattegat up to 30 km off the coast, but also
to some extent off the Wadden Sea (up to 50
km off the coast), in the Straits and in the
western parts of the Baltic Sea (Fig. 13). In
late summer, Red-necked Grebe was con-
fined to Smalandshavet (section M) and
Sejerg-bugten (S).

Numbers in geographical sections

In Kattegat, the numbers estimated varied
up to 700 birds outside winter and from
1,000 to 3,600 birds in winter. Off the Wad-
den Sea up to 650 birds were estimated in
autumn, during winter in the Straits up to
350 birds and in the Baltic Sea up to 150
birds.

)
OCTOBER—NOVEMBER 1987
0.1-0.99
1.0-1.99

>= 2.00

JANUARY—-FEBRUARY 1988

/] o.1-099
1.0-1.99

>= 2.00

Fig. 13. Distribution and density of Red-necked Grebe in Danish waters during
autumn 1987 (a) and winter 1988 (b), based on survey from ship.
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During late summer 1989, two concentra-
tion areas were discovered: Sejersbugten
(subsection Sb) with a minimum of 410
birds and Ome Stélgrunde (N and M) with
250 birds. These areas were not satisfactor-
ily covered with respect to this species dur-
ing late summer surveys in 1987 and 1988.

Only one record was made at inland sites
during the surveys. Internationally impor-
tant numbers of >330, (Rose & Scott 1994)
were recorded in Kattegat in winter, spring
and autumn; off the Danish Wadden Sea in
winter, and in Sejergbugten in late summer.

Dispersion

The distribution of Red-necked Grebe was
very clumped, with almost all birds being
recorded within 5 to 6 small offshore areas
of the Danish waters. Within these areas, the
birds were recorded solitarily or very few
birds together often associating with sea-
ducks, especially Velvet Scoter.

General comments

The limited extent of the staging areas may
have influenced the possibility of detecting
all important areas due to the limitations in
using transect techniques in offshore waters.
The two concentration areas were found in

Fulmar Fulmarus glacialis

Total numbers

The Fulmar was abundant in the North Sea
and Skagerrak throughout the year and was
estimated in numbers up to 368,000 birds in
late summer, 445,000 birds in autumn and
377,000 birds in winter. During incomplete
spring surveys, up to 35,700 birds were esti-
mated to occur in the North Sea (App. V).

Geographical distribution

In all seasons, the majority of Fulmar was
recorded in the North Sea, mainly concen-
trated in the area along the southern and
western edges of the Norwegian Trench
(Fig. 14). The birds were scarce close to the
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late summer during countrywide surveys,
but others might have been overlooked, thus,
numbers should be regarded as minimum
numbers (Pihl 1995). There are very few
reports on concentrations of Red-necked
Grebe in western Europe (Fjeldsa 1982, Fol-
kestad 1971, Suul 1976). The high numbers
in northern Kattegat exceeding the entire
Danish post-breeding population of Red-
necked Grebes (Pihl 1995) and the compo-
sition of the birds in southern Kattegat
(Fjeldsa 1982) make it most probable that
the birds in northern Kattegat, as well, con-
sisted of a mixture of local birds from Den-
mark and southern Sweden and migrants
from Finland and northwestern Russia.

Up to 9-14% of the northwest European
winter population, which is estimated at
25,000-40,000 birds by Rose & Scott (1994)
were estimated in the Danish waters during
this study.

Seasonal and geographical variations
During the survey in late spring 1988, adult
birds were starting to breed in freshwater
lakes. Thus, it is likely that the birds record-
ed in Smaélandshavet primarily consisted of
immature birds and birds on migration to
northern breeding sites.

coast of Jylland and in northern Kattegat
except in September 1988 to March 1989,
rare in southern Kattegat and the Straits,
and absent in the Baltic Sea.

Numbers in geographical sections
Large numbers of Fulmars (>100,000) were
estimated in parts of the North Sea in all
seasons except spring. Influxes mainly
occurred after May, and densities generally
remained high until late November. The
numbers of wintering birds fluctuated high-
ly with lowest estimates in the severe winter
of 1987 and highest in 1989.

In Kattegat, only a single survey indicat-
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ed the presence of more than 1,000 birds; it
was in the winter of 1989 when 20,000 birds
were estimated.

Internationally important numbers in
relation to an estimate of the north Euro-
pean population (excluding Spitsbergen) of
>100,000 birds were recorded only along
the slopes of the Norwegian Trench.

Dispersion

In the North Sea, the birds were generally
dispersed, while the distribution of Fulmar
was very clustered towards the Norwegian
Trench. Fulmar associations with trawlers
were common in the North Sea, where
flocks of up to 12,000 birds were recorded
within such aggregations.

General comments

Compared with the European breeding pop-
ulation estimated at 6-10.5 million birds by
multiplying the estimated number of breed-
ing pairs (Koskimies 1991, Lloyd et al.
1991, Lorentsen 1991) by 3 (Rose & Scott
1994), the total Danish estimates constituted
up to 4%-7% in the Norwegian Trench and
the shelf south of this area in autumn and
winter.

Seasonal and geographical variation

The distributions of Fulmar were similar
between seasons and years, the birds becom-
ing less numerous in moderate salinity areas
such as the waters along the Danish west
coast and Kattegat (Durinck et al. 1993) and
avoiding areas of low salinity such as the
inner Danish waters.

The great increase in numbers from
spring to late summer was consistent with
the results reported by Tasker et al. (1987),
who found the main period of influx into the
eastern parts of the North Sea to be mid-
summer. Tasker et al. (1987) also found the
proportion of moulting Fulmars in the east-
ern parts of the North Sea to be higher than
in the breeding areas. It is therefore likely
that the bulk of the summer population

present in the study area consisted of moult--

ing non-breeders. No increase in the esti-
mated numbers was recorded from summer
to autumn, thus, it was not possible to docu-
ment the existence of an influx of adults
from the breeding grounds. The three very
different results obtained during the winter
surveys indicate highly variable winter pop-
ulations, suggesting that numbers may be
comparatively low during severe winters.
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Fig. 14. Distribution and density of Fulmar in Danish waters during late sum-
mer 1987 (a), 1988 (b), autumn 1987 (c), 1988 (d), winter 1988 (e), 1989 ()

and spring 1988 (g), based on surveys from ship.

... continued next pages
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Gannet Morus bassanus

Total numbers

Five surveys covered the entire range of the
species, and the estimated numbers ranged
from no birds in winter to 22,000 birds in
autumn. Birds were occasionally recorded in
spring (App. VI).

Geographical distribution

Virtually all birds were recorded in the
North Sea, scattered over wide areas and
mainly occurring in the western parts. In
summer, relatively high densities of imma-
ture birds were recorded in the eastern parts
of Skagerrak, although densities within
these parts were low in autumn. The birds
were rare in Kattegat in all seasons and
absent from the Straits and the Baltic Sea
(Fig. 15).

Numbers in the geographical sections
Estimated numbers of birds were highest in
late summer and autumn. In winter, all birds
had abandoned the surveyed area, returning
in spring in variable numbers.

Gannets occur rather dispersed in the
North Sea, not concentrating in any particu-
lar area. The majority of birds occurred west
of 6°E ranging from 74-87% of the total in
summer to 59-87% in autumn.

Internationally important numbers of
Gannet of >8.000 birds, were recorded only
when very large areas were considered, and
it is doubtful whether the densities were
higher in the Danish waters than in the other
parts of the eastern North Sea.

Dispersion

The birds were dispersed widely in the
North Sea. The Gannet was usually observ-
ed solitarily and in small groups.
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General comments

The total number of Gannets in the Danish
part of the North Sea is very roughly esti-
mated due to the fact that the birds are
attracted to the ships, especially those
engaged in fish surveys which frequently
use trawls. The estimated 20,000-22,000
birds from July to November may be an
overestimate, since the proportion of flying
Gannet was high. On the other hand, the
mean density of Gannet was 0.11 birds/km?
from both platforms, recorded during the
only simultaneously performed aerial and
ship-based surveys along identical transects
in the Danish sector of the North Sea in
autumn 1987.

Compared with the European population
which is estimated at 670,000-900,000 birds
by multiplying the estimated number of
breeding pairs (Barrett & Vader 1984, Kos-
kimies 1991, Lloyd et al. 1991) by three
(Rose & Scott 1994) up to 4% were estimat-
ed in the surveyed parts of the North Sea
during this study.

Seasonal and geographical variation

The influx into the eastern parts of the
North Sea in late summer was also recorded
by Tasker et al. (1987), but is not reflected
i the numbers recorded at Blavandshuk
(Meltofte & Overlund 1974) or northern
Jylland (Meller 1978). The peak in numbers
observed at Bldvandshuk in early October
(Meltofte & Overlund 1974) probably re-
flects not only the North Sea population, but
also birds migrating southwards along the
Jylland west coast which are influenced by
heavy westerly winds leading to concentra-
tions of the birds along the coast.
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Fig. 15. Distribution and density of Gannet in Danish waters during late sum-
mer 1988 (a) and autumn 1987 (b), based on surveys from ship.
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Cormorant Phalacrocorax carbo

Total numbers

The totals varied from 5,885 birds in winter
to 44,040 in late summer (App. VII). During
the study period, there was a steady increase
within all seasons, highest in late summer
and spring and lowest in autumn.

Geographical distribution

In all seasons, the majority of birds were
recorded in the central sections of the Dan-
ish waters (E, E J, K, M, N and S) (Fig. 16).

In late summer (Fig. 16a-c), Cormorant
was observed in large parts of the country,
and this was the only season where numbers
exceeded a few hundreds in western Jylland
(section B) and Limfjorden (section C).

In autumn (Fig. 16d, e) and during the
mild winters (Fig. 16g, h) the majority of
birds occurred in Kattegat (sections E, F and
S) and Storebzlt (section N). Southeast and
east Denmark (sections O and R) made up
exceptions and held high numbers in
autumn and virtually no birds in winter.

In the severe winter of 1987 (Fig. 16f),
relatively high numbers were recorded in
southeastern Kattegat (section S) and Born-
holm (section T) and small numbers in
northern and southwestern Kattegat (sec-
tions E and F). In spring (Fig. 16i, j) the
greater part of the birds was recorded in
southwestern Kattegat (section F).

Numbers in geographical sections

The increase in total numbers recorded in
autumn and winter during this study was
solely ascribed to increases in the central
sections: E, F, J, K, M and N. From 1987 to

1989 the numbers in these sections in- .

creased by 95% from 5,657 to 11,030 birds
in autumn, and in winter with 145% from
3,945 to 9,661 birds. Contrary to this, the
numbers in the remaining sections (A, B, C,
D, O, R, S and T) decreased by 61% from
4,141 to 1,618 birds in autumn surveys and
by 64% from 3,869 to 1,392 birds in the
winter surveys.

In late summer, however, an increase was
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observed in both groups of sections, most
pronounced in the central sections (163%),
while the increase in the other group of sec-
tions was much smaller (34%). In spring,
the increase in numbers in both groups of
sections was at the same level (72% and
62%, respectively).

Up to 90 Cormorants were recorded on
inland sites during midwinter; in the other
seasons a maximum of 1,073 was estimated.

Internationally important concentrations
(>3,200, Rose & Scott 1994) were regularly
recorded at two sites: Svanegrund (section
Fb) in late summer, and Bosserne (section
Fc) in autumn and winter.

Dispersion

In late summer and spring, the birds were
dispersed over most coastal areas, much
more than in autumn and winter (App. VII).
The birds were recorded feeding solitarily or
resting in flocks of up to several thousands.

General comments
The birds recorded in late summer were
evaluated to be almost exclusively local
breeding birds of the continental race P, c.
sinensis as the surveys were conducted
before the autumn migration of the north
Atlantic race P c¢. carbo had commenced
(Dybbro 1978). The increase in total num-
bers in the late summer period therefore
seemed to be based on local breeding birds
which corresponds well with the increases
found in the Danish colonies during 1987-
1989 (Bregnballe & Gregersen 1995). Dur-
ing the late summer surveys, the numbers
recorded equalled 38% of the estimated
post-breeding population in 1987, 48% in
1988 and 49% in 1989 (Gregersen, pers.
comm.). Poor coverage of solitarily feeding
birds and birds at freshwater sites contrib-
utes to the result that only half the Danish
post-breeding populations were recorded
during these studies.

In autumn, winter and spring, both races
are present in Danish waters (Dybbro 1978,
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Fig. 16. Distribution and number of Cormorant in Danish waters during late summer 1987 (a), 1988 (b), 1989 (c),
autumn 1987 (d), 1988 (e), winter 1987 (f), 1988 (g), 1989 (h) and spring 1988 (i), 1989 (j), based on results
obtained from aerial surveys. ... continued next page
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J. Gregersen, pers. comm.), but both pre-
sumably react differently to severe winters;
the north Atlantic race moves into the Dan-
ish waters and the continental race migrates
southwards out of Danish waters. This
makes it difficult to compare total numbers
during the two types of winters that were
experienced during the study period.

Up to 13% of the total population of both
races in northwestern Europe estimated at
320,000 birds by Rose & Scott (1994) was
recorded in the Danish waters.

Seasonal and geographical variation

The decrease in numbers from late summer
to autumn was probably caused by departure
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of the majority of the Danish breeding birds,
although they may have been replaced to a
limited extent by north Atlantic birds (Dyb-
bro 1978). In recent years, an increasing
number of the Danish breeding population
winters in Danish waters, often rather close
to the breeding sites (J. Gregersen, pers.
comm.). This seems to be confirmed by the
results from the aerial surveys. The in-
creases in numbers recorded in autumn and
winter were entirely contributed by the sec-
tions E, F, J, K, M and N. These sections are
either holding or situated close to large
breeding colonies of Cormorant. In contrast,
the numbers decreased in the parts of Den-
mark with no major colonies (e.g. sections
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A,B,C,D, O, R, S and T) in the same sea-
sons.

The spring surveys were conducted after
the Danish breeding birds had returned (J.
Gregersen, pers. comm.) and before the
birds of the north Atlantic race had com-
pletely returned to the breeding colonies.
This led to a mix-up of birds of both races
and to an overlap of the late summer and
autumn/winter.

Comparison with the results of

surveys in 1968-1973

Cormorant was recorded during the surveys
in 1968-1973, although the results were not
published. In 1968-73 the totals of surveys
in autumn and midwinter ranged from 1,882
to 2,719 birds which is much less than dur-
ing this study.

The continental race of Cormorant was
expanding in this period, and the number of
pairs breeding in Denmark was 300-400
(Bregnballe & Gregersen 1995). The birds

Grey Heron Ardea cinerea

Total numbers

Numbers varied from 21 birds in the severe
winter of 1987 to 2,203 birds in late summer
(App. VIII). The results showed a steady
increase within all seasons through the
study period.

Geographical distribution

Highest numbers in any season in a single
section were recorded from Limfjorden
(section C). However, birds were generally
widely distributed, and eight sections each
held more than 10% of the total during at
least one season (Fig. 17).

Numbers in geographical sections

In western Jylland, Limfjorden and northern
Kattegat (sections B, C and E), relative
numbers were highest in late summer (67%)
and lowest in mild winters (36%); in the

were almost absent from Danish waters in
midwinter.

The Norwegian population is thought to
have been rather stable with app. 21,000
birds during 1975-1984 after a period of
increase (Rov 1984, Rev & Strann 1986),
but this increase presumably only explains a
minor part of the increase of Cormorant in
the Danish waters in autumn and midwinter.
Thus, the increase in numbers in Danish
waters in the winters between 1968-1973
and 1987-1989 is believed to be formed by
the Danish breeding population.

Comparing the percentage distribution in
geographical sections in southwestern
Kattegat (section F), where the only Danish
breeding colony existed during 1968-1973,
the same percentage (43%) was found in
both studies. Comparatively more birds in
the former survey were recorded in northern
Kattegat (section E) (28% versus 14%) and
relatively fewer birds (2% versus 17%) in
the three remaining areas (sections J, K and
M) that now hold large breeding colonies.

central sections F, J, K and M, numbers were
highest in mild winters (48%) and lowest in
late summer (16%). In the eastern sections
O, R and S, numbers were highest in spring
(32%) and lowest in late summer (13%).

Up to 240 individuals were recorded
from inland sites. The proportion of Grey
Herons at coastal and inland freshwater sites
was 37% in winter 1989.

Internationally ~ important = numbers
(>4,500, Rose & Scott 1994) were not re-
corded during this study.

Dispersion

The birds were rather dispersed in all shel-
tered coastal areas. Small numbers of birds
feeding together were most common, but
roosting flocks of up to 70 birds were
encountered.
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Fig. 17. Distribution and numbers of Grey Heron in Danish waters during late summer 1989(a), autumn 1988(b),
winter 1989(c) and spring 1989(d), based on results obtained from aerial surveys.

General comments
The numbers and distribution in autumn,
mild winters and spring were relatively
stable, in spite of the fact that a considerable
proportion of the birds stayed inland and
therefore was not covered by the surveys.
The increasing numbers in late summer
seemed to be the result of better coverage
and increased observer experience com-
bined with an actual increase in numbers.
Less than 1% of the North African and
European population of Grey Heron esti-
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mated at 400,000-500,000 by Rose & Scott
(1994) was recorded during a single survey.

Seasonal and geographical variation

The shift in preference from the fiords in
northwestern Denmark (sections B, C and
E) during late summer and autumn to coast-
al waters with smaller islands in winter,
seemed to be due to the fact that the lagoons
freeze more quickly than coastal waters. The
relatively high numbers recorded in the east-
ern parts in spring presumably included to a
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great extent Scandinavian birds on migra-
tion (Dybbro 1978, Risberg 1990).

Comparison with the results of
surveys in 1968-1973

Grey Heron was recorded during the 1968-
1973 surveys, but the results were not pub-
lished. In November 1968 and 1969, 411
and 173 birds were recorded. These num-
bers make up one third of the numbers
found in the 1987-1989 study. In the mild
winter of 1973, 215 birds were recorded
versus an average of 950 during the mild
winters of 1988 and 1989.

Mute Swan Cygnus olor

Total numbers

Mute swan moulted during late summer sur-
veys and was recorded in increasing num-
bers throughout the study period, varying
from 34,321 to 59,162 birds.

In other seasons, numbers ranged from
31,468 birds in spring to 58,281 birds in
autumn, showing a steady increase in winter
(App. IX).

Moult

The considerable increase in numbers
observed from 1987 to 1989 was not reflect-
ed in the percentual distribution which was
very stable during the study. The highest
numbers were recorded for all three years in
Smélandshavet (section M). Similarly high
numbers were recorded south of Lolland,
and 9-15% of the totals were additionally
recorded in Sydfynske @hav (section K),
Oresund, Roskilde Fjord (section R) and in
southwestern Kattegat (section F).

Geographical distribution
In all seasons the distribution in the Danish
waters was very stable from year to year
(App. IX).

The majority of birds were recorded in
the eastern sections M, O and R (Fig. 18).

In 1968 the Danish breeding population
amounted to 1,900 pairs (Dybbro 1970), in
1978 to 2,700 pairs (Meller & Olesen 1980)
and to 6,000 pairs in 1990 (Frederiksen
1992). Also, the Swedish population is
reported to have expanded in the recent
decades (Risberg 1990). Thus, there seems
to be a very good correspondence between
the increase in numbers of Grey Heron in
southern Scandinavia in winter (a factor of
3-4) and the increase in numbers from 1968-
1973 to 1987-1989 (a factor of 2-4), even
though only a minor part of the population
was covered during the 1987-1989 study.

Of these areas, Sméilandshavet (section M)
invariably held the highest percentage of
birds, Lolland/Falster and Men (section O)
the second highest and northeastern Sjal-
land (section R) the lowest. Only small
numbers of birds occurred along the coasts
of Jylland (sections A, B, C, D, E, F and J).

Numbers in geographical sections

The totals in the sections A, B, C, D, E, F
and J in Jylland varied from 10,200 to
10,500 birds during the three midwinter sur-
veys. In the same sections, numbers
increased in late summer from 8,500 birds
in 1987, to 9,800 birds in 1988 and 10,900
birds in 1989.

In eastern Denmark (sections K, M, N, O,
R, S and T), numbers steadily increased in
all seasons except spring. In this part of the
country, numbers increased in midwinter
from 26,600 birds in 1987 to 30,200 in 1988
and 37,300 in 1989. In late summer, the ten-
dency was more pronounced with numbers
increasing from 25,800 birds to 32,900 and
48,200 birds in the respective years.

At some major moulting sites, numbers
decreased rapidly between late summer and
autumn, e.g. on Redsand (section Oa) where
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numbers dropped from 5,000-6,000 birds to
1,000. In the adjacent Guldborgsund in the
same section numbers increased by 2,000-
2,500 birds in the same period. Similarly, at
the moulting sites Saltholm (section Ra),
Odense Fjord (section Fe) and Sydfynske
Bhav (section Fe), numbers decreased be-
tween the late summer and the autumn sur-
veys.

Midwinter counts from ground-covered
inland sites varied from 216 to 440 birds,
with up to 266 birds in other seasons.

Internationally important numbers of
>1,800 birds (Rose & Scott 1994) were reg-
ularly recorded throughout the year at 12
sites or areas (Sydfynske @hav (section Ka),
Nakskov Fjord (section Ma), northern Lol-
land (section Ma), Dybsg Fjord (section
Mb), Nyord (section Oa) and Roskilde Fjord
(section Rb)). Internationally important
numbers occurred in all seasons except
spring in Odense Fjord (section Fe), Gleng
(section Mb) and Guldborgsund (section
Oa), in the seasons autumn and winter in

O) Late summer 1987
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Fig. 18. Distribution and numbers of Mute Swan in Danish waters during late summer 1987 (a), 1988 (b), 1989 (c),
autumn 1987 (d), 1988(e) winter 1987 (), 1988 (g), 1989 (h) and spring 1988 (i) , 1989 (j), based on results

obtained from aerial surveys.
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Grensund (section Oa) and in the late sum-
mer season in Redsand (section Oa) and
Saltholm (section Ra).

Dispersion

In late summer, birds were concentrated at
their moulting grounds. During autumn and
mild winters, the dispersion increased and a
maximum dispersion was reached in spring
when the numbers were lowest (App. IX). In
severe winters, the birds aggregated in areas
with open water.

General comments

In spring, numbers were considerably lower
than in any other season, especially compa-
red with the late survey in 1989. The results
indicated that a large proportion of the birds
had left the wintering grounds heading for
the breeding sites in inland Denmark or in
the Baltic Sea at the time of spring surveys.
The remaining birds probably consisted of
local breeding birds and younger non-breed-
ers from the entire Baltic Sea region and
Denmark. The great dispersion in spring
compared with other seasons may have been
due to the dispersed nature of solitary
breeding pairs in sheltered marine areas.

Clear positive population trends were
found in late summer, autumn and midwin-
ter; the increases presumably being the
result of low mortality in the two mild win-
ters of 1988 and 1989 (e.g. Bacon & Ander-
sen-Harild 1989) and favourable breeding
conditions in these years (Clausager 1990).
The Mute Swan may thus have recovered
after three severe winters (1984/85 - 1986/
87) with high expected mortality.

Up to 33% of the estimated 180,000
Mute Swans in northwestern Europe (Rose
& Scott 1994) were recorded in Danish
waters during this study.

Seasonal and geographical variation
The increase in numbers as well as disper-
sion from late summer to autumn was prob-
ably a result of local migration from inland
waters to marine sites and dispersion from
the moulting grounds.

Mute Swan is very traditional in its use
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of moulting and wintering grounds in Den-
mark (Andersen-Harild 1978). The stable
numbers in western Denmark compared
with the increasing numbers in the east most
likely reflected changes in the different pop-
ulations in the Baltic Sea. Unfortunately,
ringing of Mute Swan has been performed
almost exclusively in eastern Denmark, and
even for these ringed birds, detailed analy-
ses of recoveries have not been published.
Thus, the basis for an attempt to explain the
difference in population growth between
eastern and western Denmark is not present.

Comparison with the results of
surveys in 1968-1973

In the survey in late summer 1968, 28,444
birds were recorded in the Danish waters
(Andersen-Harild 1971), where only large
moulting areas were visited. The total num-
bers during the 1987-1989 countrywide sur-
veys were expected to be higher, as the sur-
veys included all small groups of birds.

In 1968, the Baltic Sea population was
estimated at 43,000-48,000 Mute Swans, on
a preliminary basis, and the population was
in a period of increase (Andersen-Harild
1971). In 1986, this population was estimat-
ed at 127,000 birds (Monval & Pirot 1989).
The increase was reflected by marked
increases in four sections: Odense Fjord
(Fe), Nakskov Fjord (Ma), southwestern
Sjelland (Mb) and Roskilde Fjord (Rb),
whereas a minor decrease was seen in
Ringkebing Fjord (Bb).

Numbers recorded in autumn 1968 and
1969 differed only slightly and averaged
48,800 birds. During the autumn surveys in
the 1987-1989 study, numbers averaged
47,500 but large variations were seen
between the two years. There were only
small differences in the geographical distri-
bution between the old surveys and the
1987-1989 study.

In the winters of 1969 and 1970, an aver-
age of 64,100 birds was recorded; the winter
of 1970 became very severe with high mor-
tality among Mute Swan after the survey
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had been completed (Joensen 1974). During
the two following midwinter counts the
numbers recorded averaged 42,300 birds,
practically the same number as recorded in
midwinter during 1987-1989. Only minor
differences in the geographical distribution
in winter were found between the results
from 1971-1973 and 1987-1989.

The similarity in the results from autumn
and winter 1987-1989 and 1968-1973 is
remarkable, considering that the population
of Mute Swan is strongly affected by severe
winters (Bacon & Andersen-Harild 1989)
and, thus, very variable. The annual indices
for Mute Swan in the Baltic Sea area have
been increasing in the period between the
studies (Monval & Pirot 1989).

Whooper Swan/Bewick’s Swan Cygnus cygnus/C. bewickii

Total numbers

The numbers in winter were rather stable
compared with numbers in autumn and
spring, ranging from 3,121 to 5,582 birds,
and increasing through the study period. In
autumn and spring, the variation in numbers
was large (App. X). No birds were recorded
during late summer surveys.

Geographical distribution

During winter, the majority of the birds was
recorded on the coasts of northern Kattegat
(E) especially the Randers Fjord/Mariager
Fjord Area (Ef), in Limfjorden (C) and in
western Jylland (B). Notable numbers were
also recorded in the southern sections J, K,
M and O (Fig. 19). Swans positively identi-
fied as Bewick’s Swan were primarily
recorded in western Denmark in sections A,
B and C, while Whooper Swan was present
in all parts of the country. The distribution
in 1987 obviously did not reflect the fact
that the winter was severe.

Numbers in geographical sections
Occurrence varied greatly from year to year
and from season to season. In autumn 1987,
all 810 Yellow-billed Swans were recorded
in the Danish Wadden Sea, western Jylland
and Limfjorden (sections A, B and C); in
autumn 1988, only 57% of the total was re-
corded in these areas even though the num-
ber of birds all over increased to 1,815
birds.

During the surveys, 82-100% of the iden-
tified Bewick’s Swan were recorded in the
Wadden Sea, western Jylland and Limfjord-
en (sections A, B and C). In the same sec-
tions 26-100% (averaging 59%) of the
Whooper Swans was recorded. In the Katte-
gat sections E, F and S, 0-45% (averaging
15%) of the Whooper Swans was recorded;
in the southeastern sections M and O, 0-
30% (averaging 15%) of the Whooper
Swans was recorded.

Between 11 and 1,021 Yellow-billed
Swans were recorded at inland sites covered
from the ground in midwinter with up to
523 birds in other seasons. The proportion
of Yellow-billed Swans in coastal and inland
freshwater sites in winter 1989 was 24%.

In mild winters, internationally important
numbers (>250, Rose & Scott 1994), were
recorded at Stadil Fjord (Bc), in Vejlerne
(Ce), Gjel Bredning and Ulvedybet (Cg), at
Lase (Ec), in Odense Fjord (Fe), Mar-
grethe- and Frederikskog (southern Jylland)
and Holmegérds Mose (southern Sjelland);
in spring in Dybsg Fjord (Mb) and Tofte Sg
(eastern Jylland). In the severe winter of
1987, internationally important numbers
were found only in the Randers Fjord and
Mariager Fjord area (Ef).

Dispersion

In all seasons the birds were rather aggre-
gated, often occurring on green pastures on
the banks of sheltered bays.
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Fig. 19. Distribution and numbers of Whooper Swan/
Bewick’s Swan in Danish waters during autumn 1988
(a), winter 1987 (b), 1988 (c), 1989 (d) and spring
1988 (e), based on results obtained from aerial surveys.

Species composition

The ability to differentiate the two species
of swans varied from 0% to 89% of the
counted swans, and was lowest during win-
ter 1987. In total, 83% and 89% of the birds
was identified in autumn while up to 57%
was identified in winter and spring.
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In winter, the majority of the identified
birds was Whooper Swan (84% and 88%);
during autumn and spring the relative num-
bers of Whooper Swan were smaller (28-
76%).

The great majority of unidentified Yel-
low-billed Swans may have been Whooper
Swan, particularly those in the eastern parts
of the country.

General comments
The missing registration of Yellow-billed
Swan in 1987 in all other sections but A, B
and C was probably caused by lack of
observer experience in paying attention to
and identifying the two species. Numbers
recorded in spring 1989 were small due to
early departure from the wintering grounds
combined with late completion of the survey.
Up to 16% of the combined continental
northwest European population of both spe-
cies estimated at 42,000 birds (Rose & Scott
1994) were recorded during this study.

Seasonal and geographical variation

The large variations in numbers recorded in
autumn and spring made any comparison
within each season very difficult. During
1987-1989, numbers recorded in the mid-
winter surveys increased, which may be
regarded as a reflection of the observers’
growing experience rather than an actual
trend.

The majority of Bewick’s Swan was
recorded during the autumn and spring
migration, almost exclusively in western
Jylland. Fewer Bewick’s Swans than
Whooper Swans seemed to winter within
this area. The highest numbers of Whooper
Swans were recorded in winter, and the
birds were scattered all over the country.

Comparison with the results of
surveys in 1968-1973

During the previous autumn surveys, totals
of 3,100 and 2,800 Yellow-billed Swan were
recorded in 1968 and in 1969. These totals

were similar to the results in the autumn
1988. In 1968-1969, 77-83% of the birds
were recorded in western Jylland and Lim-
fjorden (B and C) compared with 55% in
1988.

The numbers in the winters have varied
considerably depending on how large a pro-
portion of the birds stayed in Denmark. In
the 1968-1973 surveys, the numbers seemed
to depend on the severity of the winter as
10,300 birds were recorded in the severe
winter of 1970 compared with 3,500 - 7,000
birds in the mild and normal winters. This
tendency was not confirmed during the
1987-1989 surveys with the numbers in
both severe and mild winters being lower
and more constant.

The overall distribution of the two spe-
cies in this study did not differ essentially
from the results obtained in the 1968-1973
surveys. The annual variations in distribu-
tion were great during winter surveys in
1968-1973. The birds were aggregated in
the autumn staging areas B and C in the
mild and normal winters but outside these
areas in the severe winter (averaging 47% of
the total versus 7% in the severe winter), a
tendency that was also found during the
1987-1989 surveys (averaging 44% of the
totals in the mild winters versus 18% in the
severe winter of 1987).

Joensen (1974) described the Whooper
Swan as being mainly recorded in shallow
and sheltered salt and brackish water. Dur-
ing this study, Yellow-billed Swan was
mainly recorded on grassland and in fresh-
water.

Because of the annual variation and the
problems in distinguishing the two species
of Yellow-billed Swan from Mute Swan, it is
difficult to conclude anything on the trend
in the populations between 1968-1973 and
1987-1989. The annual indices for Whooper
Swan in northwestern Europe have been
increasing in the period between the two
studies, while the annual indices of Be-
wick’s Swan have been rather stable (Mon-
val & Pirot 1989).
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Shelduck Tadorna tadorna

Total numbers

Total numbers varied from 103 birds in the
severe winter 1987 to 32,310 birds in the
autumn 1988 (App. XI). Late summer and
midwinter total numbers increased during
the study period, while autumn and spring
counts remained rather stable.

Geographical distribution
The majority of birds were recorded in the
Wadden Sea (section A) in late summer,

autumn and winter (Fig. 20a-g, App. XI).
On the coasts of northern Kattegat (E)

smaller but substantial numbers
recorded in all seasons.

were

During mild winters (Fig. 20f, g), com-
paratively high numbers were additionally
recorded in Limfjorden (C), southwestern
Kattegat (F) and Smaélandshavet (M). In the
severe winter of 1987, practically all Shel-

ducks left the country.
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aerial surveys.
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Numbers in geographical sections

Numbers recorded in the Wadden Sea were
much higher than those in the rest of the
country in late summer and autumn averag-
ing 4,747 birds (61% of the Danish total) in
late summer and 22,228 birds (75% of the
total) in autumn.

In winter and spring, the numbers were
highest in the other parts of the country
averaging 10,860 birds (64% of the total in
winter) and 22,872 birds (81% of the total in
spring).

In two areas, in particular, numbers
increased considerably from late summer to
spring; in southwestern Kattegat (F) from an
average of 150 birds to 2,565 (from 2% to
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9% of the total) and in Smaélandshavet (M)
from 87 birds to 2,650 (from 1% to 9% of
the total).

Up to 75 Shelducks were recorded in
midwinter and up to 244 birds during other
seasons at inland sites covered from the
ground.

Internationally important numbers of
>2,500 birds (Rose & Scott 1994) were
recorded all year round in the Wadden Sea
(A), in all seasons except late summer in the
Randers Fjord/Mariager Fjord area (Ef), and
in winter at Laseg (Ec).

Dispersion

In late summer and even more in autum the
birds were very aggregated, while in mild
winters and spring the birds became much
more dispersed (App. XI).

General comments

The low numbers of late summer 1987 pre-
sumably resulted from early completion of
the survey in 1987 (see App. I), late disper-
sion from the moulting grounds in the Ger-
man Wadden Sea (Nehls 1988) and better
coverage and experience in surveying in
1988 and 1989. The small numbers recorded
in Kattegat (E) in 1988 compared with 1989
partly resulted from bad coverage of essen-
tial coastal stretches in this area.

The increase in numbers in winter during
the study period reflects both a substantial
population increase due to two mild winters,
and great annual variations depending on
the severity of the winter climate (Ridgill &
Fox 1990). Compared with the winter popu-
lation in northwestern Europe estimated at
250,000 birds (Rose & Scott 1994), up to
13% were recorded in the Danish waters
during this study.

Seasonal and geographical variation

In the latter half of August, many birds are
on the moulting grounds in the German
Wadden Sea (Nehls 1988, Oeclke 1969).
Thus, the numbers recorded in Denmark
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were comparatively low. Most of the rela-
tively few birds recorded outside the Wad-
den Sea (A) and Kattegat (E) were juveniles
apparently remaining on the breeding
grounds.

After moult, the Shelduck returns to the
Danish Wadden Sea (Laursen et al. in press)
and probably the coasts of Kattegat. At
present, it is not known when the return to
the latter area takes place, or whether any
moulting sites exist within this area.

On Tipperne (Bb), numbers usually in-

crease in late August/early September re-
flecting the dispersion from the Wadden Sea
(Lillegr 1989), although this was not ob-
served in 1987 (Kjeldsen 1988). Corre-
spondingly, relative high numbers were
recorded in the Wadden Sea in autumn
1987.
The decrease in numbers in the Wadden Sea
(A) from autumn onwards in mild winters,
and the increase in numbers outside the
Wadden Sea during the same period pre-
sumably reflects a marked dispersion from
the Wadden Sea between the two seasons.
This dispersion corresponds with the large
increase in numbers of count areas holding
Shelduck from autumn to winter (App. XI).

This dispersion tendency continued dur-
ing mild winters, and in springs leading to,
less than one fourth of the birds being
recorded in the Wadden Sea (A).

In Kattegat (E), numbers remained rather
high in spring, which might indicate that
birds were mainly Scandinavian breeding
birds not yet having commenced spring
migration when the surveys took place.

Apart from the birds in Kattegat, the
spring distribution seems to reflect coastal
breeding birds even though the birds in this
season were probably a mixture of local
breeders, one-year-old non-breeders and
birds on migration (Joensen 1974).

The lowest recorded numbers in the Wad-
den Sea occurred in spring where the major-
ity of the birds may have been one-year-old
non-breeding birds.
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Comparison with the results of
surveys in 1969-1973

In autumn 1968, and particularly in 1969,
fewer birds were recorded (18,099 and
7,945 birds, respectively) than during the
present study. The very low numbers in
1969 preceeded a severe winter.

The percentages of birds recorded in the
Wadden Sea in the autumns of 1968 and
1969 (79% and 75%, respectively) were
similar to those of the 1987-1989 study,
while numbers along the Kattegat coast
(15% and 7%, respectively) were lower than
in the 1987-1989 surveys.

Winter numbers varied from 2,355 birds
in the severe winter of 1970 to 19,801 birds
in 1969; the average of normal and mild
winters was 16,667 birds. By comparison,
an average of 24,767 birds was recorded
during the mild winters 1988-1989. There
was a distinct difference between the two
main wintering sites, the Wadden Sea and
the Kattegat coast. At the first site, the num-
bers were clearly affected by the severity of
the winter, whereas the numbers along
Kattegat coast were more stable (Table 3).

The numbers along the Kattegat coast
varied between 1,946 in severe winters,
when the area held the great majority of
birds, and 4,007 in 1971. Thus, along the
Kattegat coast the variation in numbers was
much smaller than in the rest of the Danish
winter population. If these Kattegat birds
were eastern Scandinavian birds, they
should be expected to migrate towards the
breeding grounds late in spring due to the
winter climate in the eastern Scandinavian

Table 3. Abundance of Shelduck in three differentiated
parts (sections A, E, and outside these sections) of
Denmark, and in total, during the winters of 1969-1971
and 1973, on the basis of count results obtained in
aerial surveys.

Year 1969 1970 1971 1973
The Wadden Sea (A) 15,287 407 13,833 6,728
Kattegat coasts (E) 2,840 1,946 4,007 2,831
Outside section AandE 1674 2 305 2495

Denmark in total 19,801 2,355 18,145 12,054

countries. Furthermore, they should be
expected to stay on the wintering grounds
unless feeding conditions were so unfavour-
able because of the severity of the winter,
that they were forced to leave. This was
obviously what happened in 1987, when no
birds were recorded on the Kattegat coast.
The reason why this tendency was reflected
only to a small extent in the 1987-1989
study may in part be ascribed to the incon-
venient coverage of the Kattegat coast in
1988.

During the incomplete survey in spring
1969, 26,000 birds were recorded leading to
a total estimate of 30,000-35,000 birds
(Joensen 1974) which is similar to the count
results from this study. Joensen also found
the birds greatly dispersed, although the dis-
tribution between major staging areas dif-
fered. Thus, a higher number of birds
(15,700) was recorded in the Wadden Sea,
but a much smaller number (1,700 birds)
along the coast of Kattegat.

There seems to be little doubt that the
population staging along the Kattegat coast
has increased since the 1969-1973 surveys,
as the numbers recorded have increased by a
factor of 2-4 since 1968-1973. This increase
is of the same magnitude as the increase in
the Swedish and Finnish populations
(Cramp & Simmons, 1977, Risberg 1990).
A comparison of the numbers in the Wad-
den Sea between the earlier surveys and this
study reveals substantial differences in all
seasons and no overall conclusions can be
drawn, although monthly surveys in the
Wadden Sea indicate an increase in numbers
during recent decades (Laursen et al., in
press). The numbers outside the Wadden
Sea and the coast of Kattegat showed a
small increase in both seasons compared
with the results of the earlier surveys. Thus,
it seems reasonable to believe that there has
been an increase in the Danish winter popu-
lation of Shelducks compared with 1968-
1973. The annual indices of northwestern
Europe have been slightly increasing over
the period between the two studies (Monval
& Pirot 1989).
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Wigeon Anas penelope

Total numbers

The totals varied between 9 birds in the
severe winter of 1987 and 44,835 birds,
peaking in autumn and spring, but they were
very stable between years within each
autumn and spring (App. XII).

Geographical distribution

In all seasons (Fig. 21), the majority of birds
was recorded in the Wadden Sea and Lim-
fjorden (sections A and C). High numbers
were also recorded in late summer in west-
ern Jylland (section B).
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Fig. 21. Distribution and numbers of Wigeon in Danish waters during late summer 1988(a), 1989(b), autumn 1987
(c), 1988(d), winter 1988(e), 1989(f) and spring 1988(g) , 1989(h), based on results obtained from aerial surveys.
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©) winter 1988

g) Spring 1988

h) Spring 1988

Numbers in geographical sections

The highest relative numbers were found in
the Wadden Sea in autumn (averaging 52%
of the total) and spring (39% of the total); in
Limfjorden in late summer (averaging 36%
of the total) and winter (42% of the total).
These two areas and western Jylland, B,
held from 74% to 86% of the birds in all
seasons.

The birds in these three sections, A, B
and C, were recorded comparatively later in
autumn than in the rest of the country. The
late summer totals compared with the

autumn totals showed an average of 2,886
birds or 8% of the combined totals for these
areas. For the rest of the country, the corre-
sponding numbers were 1,068 birds or 16%
in late summer (Table 4).

In the Wadden Sea (section A), a relative-
ly larger proportion of the birds was record-
ed in autumn than in spring (averaging
20,081 birds and 16,936 birds, respectively)
while in the southern sections, J, K, M and
O, similar numbers were recorded in both
autumn and spring (averaging 2,790 and
2,799 birds). Most birds were recorded in
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Table 4. Relative occurrence of Wigeon, Teal, Mallard and Pintail recorded in late summer,
1987-1989, and autumn 1987-1988 in aerial surveys in the western sections A-C and the
eastern sections E, F, J, K, M, N, O, R and S of the Danish waters.

Sections Season Wigeon Teal Mallard Pintail
A,B,C: Late summer 8% 25% 26% 0%
Autumn 92% 75% 74% 100%
E,FJ,K,M,N,D,R,S: Late summer 16% 71% 26% 23%
Autumn 84% 29% 74% 77%

spring compared with autumn in the north-
eastern sections E, R and S (averaging 3,366
birds compared with 2,429 birds in autumn),
western Jylland (B) (averaging 3,455 birds
and 1,198 birds, respectively) and Limfjord-
en, (C) (averaging 15,637 and 11,546 birds,
respectively) (Table 5).

Wigeon was recorded at inland sites cov-
ered from the ground in midwinter in num-
bers up to 883 birds and in the other seasons
in numbers up to 1,823 birds. The propor-
tion of Wigeon at coastal and inland fresh-
water sites in winter 1989 was 22%.

Internationally important numbers of
>7,500 birds (Rose & Scott 1994) were reg-
ularly recorded in spring and autumn at
Romg (Ab), Fang (Ac) and in Nibe and Gjel
Bredning (Cg).

Dispersion
The birds were concentrated in a smaller

Table 5. Relative occurrence (in % of annual totals) of
Wigeon, Teal, Mallard and Pintail recorded in autumn
and spring 1988-1989 in aerial surveys in the Wadden
Sea (section A), western Jutland (section B), Limfjor-
den (section C), southern part (sections J, K, M and O)
and northeastern part (sections E, R and S) of Den-
mark.

Sections Season Wigeon  Teal Mallard Pintail
A autumn  52% 24% 12% 82%
spring 39% 14% 12% 52%
B autumn 3% 18% 8% 13%
spring 8% 31% 18% 26%
C autumn  30% 50% 31% 2%
spring 36% 43% 20% 12%
JKM,0 autumn 7% 6% 31% 1%
spring 5% 5% 15% 3%
ER,S autumn 6% 1% 11% 1%
spring 8% 4% 28% 4%
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number of areas in late summer, autumn and
winter than in spring (App. XII).

General comments

The early completion of the late summer
surveys prior to the main period of autumn
migration (Dybbro 1978) may explain why
the numbers recorded were comparatively
low. Up to 6% of the wintering population
of Wigeon in northwestern Europe estimat-
ed at 750,000 birds by Rose & Scott (1994)
was recorded in Danish waters during this
study.

Seasonal and geographical variation

During midwinter, the variation in numbers
was large, due to a pronounced sensitivity of
Wigeon to severe winters (Ridgill & Fox
1990). Dybbro (1978) describes the Wigeon
as a “scarce” (100-1,000 birds) to “rather
common” (1,000-10,000 birds) winter visi-
tor in Denmark, but the birds are apparently
“common” (10,000-100,000 birds) in very
mild winters.

The results seem to show that the birds
had a slight tendency to prefer southern sec-
tions including the Wadden Sea, A, J, K, M
and O, in autumn and northern and eastern
sections, C, E, R and S, in spring, although
the tendency was less pronounced than in
Mallard.

Comparison with the results of
surveys in 1968-1973

During the earlier autumn surveys, 32,401
and 14,939 birds were recorded in 1968 and
1969 averaging 60% of the numbers count-
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ed in the 1987-1989 surveys. However, peak
numbers in autumn, which were found in
October were much higher. It is, therefore,
probable that the higher numbers recorded
during the 1987-1989 surveys were a result
of the earlier completion of the surveys,
rather than a reflection of any real in-crease
in numbers. In normal and mild winters dur-
ing 1968-1973, totals ranged from 372 to
3,422 birds, being much lower than during
the 1987-1989 surveys.

In the 1969-1973 and 1987-1989 surveys,
birds concentrated in sections A, B and C
(App. XII). In autumn and mild winters,

Gadwall 4nas strepera

In total, 149 Gadwalls were recorded during
the ten surveys, and all occurred in late
summer, autumn and spring (Fig. 22). Gad-
walls were not recorded during autumn and
winter surveys in 1968-1973.

The increase in numbers of Gadwall
reflected the expansion in the Danish breed-
ing population from 10-12 pairs in the mid
1970s to about 150 pairs in 1988 (Dybbro
1978, Christensen et al. 1990).

Fig. 22. Summarised observations of Gadwall (N =
149) in Danish waters in the period 1987-1989, based
on results obtained from the 10 aerial surveys.

89% and 87% of the birds were recorded in
the sections in the 1969-1973 study com-
pared with 86% and 81% in the 1987-1989
surveys.

The marked increase in winter totals does
not necessarily indicate an increase in the
breeding population north of Denmark. It
seems more likely that an increasing number
of the migrants stayed in Danish waters to
winter during very mild winters. The annual
indices of northwestern Europe have been
rather stable in the period between the two
studies (Monval & Pirot 1989).
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Teal Anas crecca

Total numbers

Numbers varied from 56 birds in the severe Jylland (B) and Limfjorden (C) (Fig. 23,
winter of 1987 to 33,672 birds in autumn  App. XIII). However, there were variations
being very variable in all seasons except between the seasons, as Limfjorden (C) held

mild winters (App. XIII). the highest numbers of birds in autumn and
spring, western Jylland (B) in late summer
Geographical distribution and the Wadden Sea (A) in winter. Outside

In all seasons, the majority of the birds were  these areas, high numbers were recorded in
recorded in the Wadden Sea (A), Western late summer in Smélandshavet (M).

q) Late summer 1988 @ 10000 C) Autumn 4987

Fig. 23. Distribution and numbers of Teal in Danish waters during late summer 1988(a), 1989(b), autumn 1987(c),

1988(d), winter 1988(e), 1989(f) and spring 1988(g), 1989(h), based on results obtained from aerial surveys.
... continued next page
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e) Winter 1988

Q) Spring 1988

Numbers in geographical sections

Between 70% and 92% of the countrywide
totals were recorded in the Wadden Sea,
western Jylland and Limfjorden (A, B and
C). In these areas, higher numbers were
recorded in autumn than in late summer
(averaging 26,108 birds in autumn and
8,829 in late summer). In the other parts of
the country, numbers in late summer were
higher than in autumn (averaging 5,485
birds in summer and 2,205 in autumn).
Thus, 25% of the total number of birds
recorded in sections A, B and C in the sec-
ond half of the year were recorded in late
summer, while the corresponding numbers

from the other parts of the country amount-
ed to 71% (see Table 4).

Proportionally more birds were recorded
in autumn than in spring in the southern sec-
tions, J, K, M and O, (1,658 birds compared
with 975 birds in spring) and Limfjorden
(C) (14,227 birds compared with 7,858
birds in spring). In contrast, peak numbers
in the northeastern sections, E, R and S,
were recorded in spring (732 individuals
compared with 226 in autumn) (Table 5).

Between 1 and 235 Teal were recorded
on inland sites covered from the ground in
midwinter and in the other seasons in num-
bers up to 1,242 birds.
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Internationally important numbers of
>4,000 birds (Rose & Scott 1994) were
recorded on Tipperne (Bb) in spring and late
summer, in Vejlerne (Ce) in spring and
autumn and in the central part of the Wad-
den Sea (Ab) in autumn.

Dispersion

In late summer and spring, the dispersion
was equally high, while the birds occurred
most concentrated in autumn (App. XIII).
The low numbers of birds recorded in win-
ter occurred in rather few areas.

General comments

The relatively low numbers recorded in late
summer 1987 were probably due to the early
completion of the survey, resulting in most
areas being covered before the autumn
migration was initiated. The count data from
Tipperne summarised for the period 1979-
1988 showed an average of 3,700 birds
around 13 August (median date for the sur-
vey in 1987) and 8,800 birds around 29
August (median date for the survey in 1989)
(Lilleor 1989). The large annual variations
in numbers in autumn and spring were
caused by a varying degree of overlap
between the timing of the migration and the
surveys.

Up to 9% of the northwestern European
winter population estimated at 400,000
birds by Rose & Scott (1994) was recorded
in the Danish waters during this study.

Seasonal and geographical variation
During midwinter, the variation in numbers
was large, due to a pronounced sensitivity of
Teal to severe winters (Ridgill & Fox 1990).
Even the similarity in numbers recorded
during mild winters hides large geographi-
cal variations between the two years. Dyb-
bro (1978) describes the Teal as a “scarce”
(100-1,000 birds) winter visitor in Denmark,
but judging from the 1987-1989 study, it is
“rather common” (1,000-10,000 birds) in
mild winters.

60

The large difference in the migration pat-
tern in late summer and autumn between
western and eastern Denmark suggests that
different flyway populations may be
involved. Faster turnover at the staging sites
in eastern than in western Denmark could
explain at least some of the differences.
Less attractive feeding opportunities, exces-
sive disturbance or hunting might cause a
rapid passage. In eastern Denmark, numbers
tended to be relatively higher in autumn in
the southern sections J, K, M and O, and in
spring in the northeastern sections E, R and

Comparison with the results of
surveys in 1968-1973

In the autumns of 1968 and 1969, 16,259
and 11,489 birds were recorded. These fig-
ures are lower than the results of the 1987-
1989 study, but not fully comparable, as the
earlier autumn surveys were conducted
somewhat later in the season than the 1987-
1989 surveys (median dates 13 November
1968 and 26 November 1969).

In the severe and normal winters of 1969,
1970 and 1971, total numbers included up
to 82 birds. In the mild winter of 1973, 575
birds were recorded compared with . about
2,000 birds during the 1987-1989 study.

The distributions in autumn and winter
differed from the results of the 1987-1989
study, as 98% and 100%, respectively, were
recorded in sections A, B and C in 1968-
1973 compared with 92% and 78%, respec-
tively, during the 1987-1989 surveys.

Because of the differences in survey peri-
od, coverage and winter climate, the results
from the earlier surveys are not comparable
to those of the 1987-1989 surveys. Never-
theless, there is reason to believe that the
numbers of Teal have not decreased since
1968-1973. The annual indices for the
northwest European population increased in
the period between the two studies (Monval
& Pirot 1989).
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Mallard Anas platyrhynchos

Total numbers

The Mallard was rather variable in numbers
in all seasons being most numerous in
autumn and winter and recorded in numbers
from 11,926 to 124,480 birds (App. XIV).
Numbers increased in all seasons except

spring during the study period.

Geographical distribution

Mallards were widely distributed and heavi-
ly variable in their occurrence in the Danish
waters (Fig. 24). The highest numbers oc-
curred in Limfjorden (section C) in late
summer, autumn and the mild winters (Fig.
24a-e, g, h). In Jylland, high numbers also

Cl) Late summer 1987

©) Late summer 1989
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Fig. 24. Distribution and numbers of Mallard in Danish waters during late summer 1987 (a), 1988 (b), 1989 (),
autumn 1987 (d), 1988 (e), winter 1987 (), 1988 (g), 1989 (h) and spring 1988 (i), 1989 (j), based on results

obtained from aerial surveys.

... continued next page
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occurred in the Wadden Sea (A) and in the
western parts (B). During the severe winter
of 1987 (Fig. 24f), relatively high numbers
of Mallards were registered in southern
Kattegat (F), southwest of Fyn (J and K) and
in northeastern Sjelland (R). Comparatively
few birds were recorded in the Wadden Sea
(A) and western Jylland (B).

During the spring survey of 1988 (Fig.
24i), Mallards were widely distributed much
the same way as in winter. During the spring
survey of 1989 (Fig. 24;j), the birds were pri-
marily counted in the Wadden Sea and
northern Kattegat (E).

Numbers in the geographical sections

In the Wadden Sea, western Jylland and
Limfjorden (A, B and C), 17,476 birds re-
corded in late summer amounted to 26% of
the late summer/autumn totals in these are-
as. The corresponding number from the rest
of the country was 16,433 birds amounting
to 26% in the eastern sections (Table 4).

In autumn, a large proportion of the total
numbers was recorded in Limfjorden (C)
and the southern sections, J, K, M and O,
(31% compared with 15% in spring) and
Limfjorden (C) (31% compared with 20%
in spring). In spring, a larger proportion was
observed in the northeastern sections, E, R
and S, (28% compared with 11% in autumn)
and western Jylland (B) (18% compared
with 8% in autumn) (Table 5).

Between 7,151 and 20,179 Mallards were
recorded at inland sites covered from the
ground at midwinter with up to 10,870 birds
at other times. The proportion of Wigeon in
coastal and inland freshwater sites in winter
1989 was 31%.

Internationally important numbers of
>20,000 birds (Rose & Scott 1994) were not
recorded at any sites.

Dispersion

Dispersion was similar in autumn, winter
and spring, although there were large differ-
ences in distribution within each season
(App. XIV). The dispersion in late summer
was comparatively smaller.

General comments

In late summer, most of the birds were still
on the breeding grounds inland, so totals
were comparatively small. During the late
summer survey of 1987 the numbers were
lower than the almost equally high numbers
in the two following years, perhaps because
the early survey in 1987 was carried out
before the birds had moved to the brackish
and marine areas (App. I).

In autumn as well as in spring, the num-
bers were very variable probably as a conse-
quence of the timing of the migration in
relation to the surveys.

In spring 1989 numbers were small com-
pared with 1988, probably due to late com-
pletion of the survey combined with early
spring migration of the birds.

Up to 3% of the estimated winter popula-
tion in northwestern Europe estimated at 5
million birds by Rose & Scott (1994) was
recorded during this study.

Seasonal and geographical variation

In mild winters, the totals were on the same
level and distribution much the same as in
autumn; in severe winters, numbers were
somewhat lower probably due to southward
migration caused by unfavourable feeding
conditions (Ridgill & Fox 1990, Nilsson
1984) and the birds were mainly concentrat-
ed in the southern and eastern sections, J, K,
M, O and R.

The results do not reveal differences
between the western sections, A, B and C,
and the rest of Denmark in the progress of
the autumn migration (see Numbers in the
geographical sections) as was pointed out
for the other species of dabbling ducks, in
particular Teal.

The birds seemed to exploit mainly Lim-
fjorden and the southern sections, J, K, M
and O, as stopover sites in autumn and con-
centrated in western Jylland and the north-
eastern sections, E, R and S, in spring, while
the Wadden Sea (A) was equally important
as a staging area in all seasons except
autumn.
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Comparison with the results of
surveys in 1968-1973

During the autumn surveys in 1968 and
1969, an average of 103,400 birds was
recorded, with considerable variation within
approximately the same range as the 1987-
1989 study. The distribution had changed
slightly, as 65% of the birds in the 1968-
1973 study were recorded in sections A, B
and C, compared with 54% in the 1987-
1989 study. While more birds were recorded
in western Jylland (B, 22% compared with
9% in the 1987-1989 study) and the Wadden
Sea (A, 20% compared with 14%), less
birds occurred in Limfjorden (C, 23% com-
pared with 32%). Monthly surveys at the
Wadden Sea also revealed a decrease in
numbers (Laursen et al. in press).

In mild winters, similar average numbers
were obtained in the surveys. During 1968-

Pintail Anas acuta

Total numbers

The numbers recorded varied between 16
birds in the severe winter of 1987 and 8,455
birds, numbers being highest in autumn and
spring, but fluctuating greatly in all seasons

(App. XV).

Geographical distribution

During all seasons, the majority of birds
were recorded in the Wadden Sea and West-
ern Jylland (sections A and B). In addition,
high numbers were recorded in Limfjorden
(section C) in spring (Fig. 25). In the severe
winter of 1987 no birds were recorded.

Numbers in the geographical sections
In the Wadden Sea (section A), the numbers
in autumn and spring (except 1989, see lat-
er) were within the same range while in the
rest of the country, numbers were highest in
spring (average 2,910 individuals) compared
with 1,151 in autumn.

In the main part of the country (outside
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1973, 94,400 birds were counted compared
with 102,800 in the 1987-1989 study. The
distribution was almost identical (49% and
48%, respectively), recorded in sections A,
B and C; in other parts of the country, the
majority of birds were recorded in sections
E, M and O in both studies.

In the severe winter of 1970, the number
was 67,200, and, as found in the 1987-1989
surveys, it was lower than the average
counted in mild winters. The relative num-
bers in sections A,B and C were 22% in
1970 and 15% in the severe winter of 1987.

During this study, the numbers were
about the same as observed in the 1968-
1973 surveys, although some changes in
geographical distribution were found. The
annual indices of the northwest European
population increased slightly in the period
between the two studies (Monval & Pirot
1989).

sections A, B and C) 11-15% of the total
numbers were recorded in late summer and
spring, but only 2-3% in autumn and the
mild winters (Table 5).

Up to 18 Pintail were recorded at inland
sites during ground counts.

Internationally important numbers of
>700 birds (Rose & Scott 1994) were regu-
larly recorded in the southern part of the
Wadden Sea (section Aa), at Remg (section
Ab), Fang (section Ac), and in spring at Tip-
perne (section Bb), Nissum Fjord (section
Bd) and Harbogere Tange (section Ca).

Dispersion
The birds were concentrated in comparative-
ly few areas in all seasons (see App. XV).

General comments

The high numbers recorded in midwinter
1989 were most likely a result of the late
performance of the survey combined with
early spring movements of the birds due to
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Fig. 25. Distribution and numbers of Pintail in Danish waters during autumn 1988(a), winter 1989(b) and spring
1988(c) , 1989(d), based on results obtained from aerial surveys.

mild winter conditions. The rather low num-
bers recorded in the subsequent spring was
probably caused by a late performance of
the survey in relation to the spring migra-
tion.

Up to 13% of the winter population in
northwestern Europe estimated at 70,000
birds by Rose & Scott (1994) was recorded
in the Danish waters during this study.

Seasonal and geographical variation

During midwinter, the variation in numbers
was large, due to a pronounced sensitivity of
Pintail to severe winters (Ridgill & Fox
1990). Dybbro (1978) mentions Pintail as a
“scarce winter visitor” (100-1,000 birds),
but the species is apparently a “rather com-
mon” winter visitor (1,000-10,000 birds) in
mild winters.

65




KARSTEN LAURSEN, STEFAN PIHL, JAN DURINCK, MOGENS HANSEN, HENRIK SKOV, JOHN FRIKKE and FINN DANIELSEN

Comparison with the results of
surveys in 1968-1973

During the 1968-1973 surveys, up to 1,499
Pintail were recorded in autumn and 272 in
mild winters; the corresponding figures
from the 1987-1989 study were 6,769 and
3,199 birds. Despite the difficulties in iden-

Garganey Anas querquedula

Altogether 95 individuals were recorded
during the 10 surveys, exclusively in late
summer and spring (Fig. 26). During the
autumn and winter surveys in 1968-1973,
Garganey was not recorded.

Fig. 26. Summarised observations of Garganey (N =
95) in Danish waters in the period 1987-1989, based
on results obtained from the 10 aerial surveys.

Shoveler Anas clypeata

Total numbers

During the 10 surveys, a total of 1,856 birds
was recorded; 3 were observed during mid-
winter. In late summer, numbers varied from
2 to 455 birds, in autumn from 224 to 369
birds and in spring from 79 to 390 birds
(Fig. 27).

Geographical distribution

The majority of the birds were registered in
the Wadden Sea (section A), Western Jyl-
land (section B) and Limfjorden (section C)
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tification, differences in the survey period
and winter conditions between the two peri-
ods, it seems likely that the numbers have
increased in autumn. The annual indices of
the northwest European population have
been stable in the period between the two
surveys (Monval & Pirot 1989).

ranging from 47% in late summer and 67%
in spring to 90% in autumn.

Comparison with the results of surveys
in 1968-1973

During the surveys from 1968-1973, 20-40
birds were recorded in autumn and 0-2 birds
in winter. Due to difficulties in identifying
this species from the aircraft, comparisons
with the results of the 1968-1973 surveys
cannot be made.
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Pochard Aythya ferina

Total numbers

Pochard was recorded in numbers varying
from 262 birds in late summer to 8,441
birds in autumn being variable in all seasons
except winter (App. XVI).

Geographical distribution

In late summer (Fig. 28a), nearly all Poch-
ards were recorded in western Jylland and
Limfjorden (sections B and C) and in the
southeastern sections (sections M and O).

Fig. 27. Summarised observations of Shoveler in Dan-
ish waters during late summer (a, N = 792), autumn (b,
N = 572) and spring (c, N = 484) based on the 10 aeri-
al surveys from the period 1987-1989.

In autumn (Fig. 28b), the majority of
birds was recorded in Limfjorden (section
C) and in the southern sections (J, K and
M).

Pochard was most widely distributed in
mild winters, as 8 geographical sections
each held more than 5% of the birds com-
pared with 4 sections in both late summer
and autumn and 5 in spring. Most birds
were recorded in Limfjorden (section C),
southwestern Kattegat (section F), Lillebalt
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Fig. 28. Distribution and numbers of Pochard in Danish waters during late summer 1989 (a), autumn 1988 (b),
winter 1987 (c), 1988 (d), 1989 (e) and spring 1988 (f), based on results obtained from aerial surveys.
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(section J) and the southeastern section O.
In all seasons, Limfjorden was the marine
area where most birds were recorded (App.
XVI). During the severe winter of 1987
(Fig. 28c), the birds had almost abandoned
Limfjorden, the vast majority being record-
ed in the sections south of Fyn (J and K). In
spring (Fig. 28f), most birds were recorded
in the northwestern sections B and C.

Numbers in geographical sections

The numbers varied greatly from year to
year and from season to season with the sec-
tions A, D, E and T constantly holding low
numbers.

During the severe winter of 1987, 3,275
birds or 85% of the total was recorded in
Lillebelt (section J) and adjacent Sydfynske
Dhav (section K), compared with 530 birds
or 17% in winter 1988 and 653 birds or 25%
in winter 1989.

Between 63 and 3,264 Pochards were
recorded at inland sites counted from the
ground in midwinter; in other seasons
inland site numbers of up to 1,068 birds
were recorded. The proportion of Pochard at
coastal and inland freshwater sites in the
winter of 1989 was 73%.

Internationally important numbers of
>3,500 birds (Rose & Scott 1994) were not
recorded at any time.

Dispersion

Birds were generally concentrated at a few
sites especially in late summer. Pochard
occurred in all seasons in association with
Tufted Duck mainly in small coastal brack-
ish or freshwater lakes and very sheltered
lagoons; in the severe winter of 1987, thick
ice cover on the favoured habitats forced the
birds to move to marine sites.

General comments

The comparatively low numbers in late sum-
mer 1987 were probably caused by early
completion of the survey combined with
insufficient coverage and lack of observer
experience. The relatively small total re-
corded in spring 1989, most likely resulted
from the late spring survey performed after

the spring migration to the breeding
grounds had started.

Even though the totals varied compara-
tively little through the year, the numbers of
birds in each section varied greatly. A large
part of this variation was probably caused
by poor coverage of this species, as it often
mixed with huge flocks of Tufted Duck and,
therefore, was easily neglected. Further-
more, the species was, apart from the severe
winter, almost exclusively recorded in fresh-
water, and only the larger sites were covered
through the aerial surveys. Thus, it is
believed that the results reflect the popula-
tion size to a small extent.

Up to 3% of the wintering population in
northwestern Europe estimated at 350,000
birds by Rose & Scott (1994) was recorded
during the surveys.

Seasonal and geographical variation

It was expected that much higher numbers
would be recorded in mild winters than in
severe winters, due to the sensitivity of
Pochard to severe winters (Ridgill & Fox
1990, Nilsson 1984). It would probably have
been shown in aerial counts, if numbers
from freshwater sites had been included. In
severe winters, the Pochard at first moves
from the favoured wintering site in freshwa-
ter lakes to nearby marine sites (Joensen
1974), before commencing a southward
migration (Ridgill & Fox 1990).

This local migration, which was observed
during winter 1987, affected the geographi-
cal distribution, as the Pochard was mainly
recorded in sections J and K in the winter of
1987. In mild winters, Pochard winters on
inland freshwater lakes on Fyn, and it is
likely that the birds from these sites moved
to nearby marine sites, of which the nearest
were sections J and K. In 1987 these lakes
were frozen, but in 1989 they held 1,260
birds.

Comparison with the results of
surveys in 1968-1973

The numbers recorded during the aerial sur-
veys in autumn 1968 and 1969 were 2,957
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and 1,803 birds, respectively. In addition,
about 5,300 and 3,900 birds, respectively,
were recorded from the ground. The figures
clearly show the difficulty in surveying
Pochard from aircraft, particularly when
freshwater sites are not included.

In winter, numbers varied from 7,439
birds in the severe winter of 1970 and 3,166
birds in the mild winter of 1973 to 575 and
848 birds, respectively, in the two normal
winters (1969 and 1971). In addition, 2,200-
3,900 birds were recorded at fresh-water

Tufted Duck Aythya fuligula

Total numbers

In late summer, the total numbers ranged up
to 2,365 birds; in all other seasons, the totals
varied from 26,251 to 96,606 birds (App.
XVID).

Numbers were rather stable between
years in late summer (except 1987, see later)
and in winter with the late performed
autumn survey and the early performed
spring survey in 1988 at the same level as
the midwinter counts.

Geographical distribution

In late summer (Fig. 29a, b), nearly half of
the birds were recorded in Limfjorden
(section C) and less in the southern and
eastern sections J, M, O and R.

During autumn (Fig. 29¢, d), most birds
were recorded in the eastern sections O and
R, while the southern and eastern sections J,
M, O and R held the majority of birds in
winter and spring (Fig. 291-i).

In the severe winter of 1987 (Fig. 29¢),
large numbers were also recorded in Lille-
bzlt (J) and Sydfynske @hav (K).

Numbers in geographical sections

The relative numbers in the southern and
eastern sections, J, K, M, O and R, were
rather stable from autumn to spring com-
prising 83% to 91% of the totals. The fig-
ures indicated some movements within the
sections: the relative numbers in the south-
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sites observed from the ground during the
four surveys.

The difference in the coverage of fresh-
water sites from aircraft, the great variation
in numbers and the problems in identifying
the birds made comparisons between the old
and the new surveys difficult. Despite this,
the figures do not indicate any trends. The
annual indices of the northwest European
population have fluctuated widely, but var-
ied only little between the two survey peri-
ods (Monval & Pirot 1989).

ern sections, J, K and M, increased from
16% of the totals in autumn to 42% in
spring; the numbers in the eastern sections,
O and R, decreased from 68% to 45% in the
same periods.

In the severe winter of 1987, the highest
numbers were recorded in sections J, K and
O, while in the mild winters the highest
numbers were recorded in sections M, O
and R. In Lillebeelt (J) and Sydfynske Ghav
(K), 44,765 birds were recorded in the win-
ter of 1987 compared with an average of
11,495 birds in the two mild winters.

The species was recorded at inland sites
in midwinter in numbers from 12,470 to
53,053 birds and in all other seasons in
numbers up to 5,081 birds. The proportion
of Tufted Duck at coastal and inland fresh-
water sites in the winter of 1989 was 75%.

Internationally important numbers of
>7,500 birds (Rose & Scott 1994) were reg-
ularly recorded in all seasons except late
summer in Fladet, Sakskebing (Ma), Gavne
and Dybse Fjord (Mb), Maribo-sgerne (Oa),
Nykebing Falster (Oa), Kebenhavn South
(Ra), Store Kattinge Se (Rb), Selsg (Rb)
and Lejre Vig (Rb). In severe winter it was
found that, in addition to these sections, the
above-mentioned internationally important
numbers were also recorded in southern
Lillebzlt (Ja), south of Are (Ka), Svend-
borgsund (Ka and Kb) and Grensund (Ob).
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Dispersion

The birds were in all seasons concentrated
at a small number of sites, often very small,
undisturbed lakes close to the coast (App.
XVII). The birds occurred in all seasons
mainly in the same type of habitat as Poch-
ard and often associating with it. Tufted
Duck was similarly forced to brackish or
marine habitats during the severe winter of
1987, due to heavy ice cover on the freshwa-
ter lakes.

General comments

The numbers in late summer 1987 were
comparatively low probably because of early
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completion of the survey and insufficient
coverage.

The low numbers in late summer com-
pared with other seasons presumably repre-
sent local, moulting males, whereas the
birds in all other seasons were a mixture of
winter visitors, migrants and to a lower
extent local birds.

The species occurred in much higher
numbers than the Pochard and as identifica-
tion was much easier, the numbers recorded
were probably a good reflection of the num-
bers in coastal lakes and marine areas in all
seasons.

The Tufted Duck roosts during daytime
and feeds only at night, as described from
Sweden (Nilsson 1969a) and Switzerland
(Pedroli 1982). The least disturbed site
(including hunting activity) within reach of
the feeding areas would most likely be
selected for day time roosting.

Up to 19% of the winter population in
northwestern Europe estimated at 750,000
birds by Rose & Scott (1994) were recorded
during this study.

Seasonal and geographical variation

The highest numbers of wintering birds
were recorded in the severe winter of 1987,
as was the case for Pochard. There are prob-
ably two reasons for this: birds staging north
and east of Denmark have been forced to
move south and west due to ice cover, and
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birds wintering in Danish freshwater sites
have moved to brackish and marine sites,
also as a response to ice cover.

The same effect was observed on num-
bers of Tufted Duck in sections J and K as
in Pochard (see above), probably partly
caused by an influx from nearby lakes on
Fyn. During the winter of 1987, these lakes
were frozen; in 1989, 8,300 birds were
recorded here.

It seems most likely that the birds record-
ed in all seasons in the northern and western
sections (B, C, E and F) were of different
origin than the birds in the southern and
eastern sections (J, K, M, O and R). The
numbers varied comparatively little through
the year in the former sections being highest
in spring at the beginning of the breeding
season. Numbers showed an increase
between the two spring surveys when the
numbers in the southern and eastern sec-
tions were decreasing.

This decrease was presumably a result of
the birds having commenced the spring
migration, i.e. birds that to a great extent
had left the area before the survey. As the
Danish breeding population is rather small
(Dybbro 1978), the greatest part of Tufted
Duck recorded in the southern and eastern
sections are birds of foreign origin.

The observed increase in relative num-
bers in the southern sections J, K and M
from autumn to spring and the decrease in

Scaup Aythya marila

Total numbers

Scaup was only recorded once in late sum-
mer, while numbers in all other seasons
were highly variable ranging from 2,097
birds in autumn to 38,311 in winter (App.
XVIII).

Geographical distribution

In all seasons except the severe winter, the
majority of birds were recorded in the east-
ern coastal waters of Jylland from Djursland

relative numbers in the eastern sections O
and R in the same period have no obvious
explanation.

Comparison with the results of
surveys in 1968-1973

The numbers recorded in autumn 1968 and
1969 amounted to 46,413 and 62,067,
respectively, well within the variation in
autumn during this study. The distributions
were much the same during the two studies
as 77% of the birds were recorded in sec-
tions J, K, M, O and R in the 1968-1973 sur-
veys and 83% during the 1987-1989 sur-
veys.

The winter total in the 1968-1973 sur-
veys ranged from 40,347 birds in the mild
winter to 149,188 birds in one of the normal
winters averaging 96,218 birds compared
with 88,974 in 1987-1989.

The relative numbers in the southern and
eastern sections, J, K, M, O and R, in winter
increased from 63%-79% during 1968-1973
to 87%-91% in the 1987-1989 study.

The figures indicate that the numbers
have been stable in the period between the
two studies with rather large annual vari-
ations. The annual indices of the northwest
European population showed the same
stability regarding large fluctuation in the
period between the two studies (Monval &
Pirot 1989).

to Saeby (subsections Ef and Eb). Also in
southwestern Kattegat (F) and in Lillebelt
(J), large numbers were recorded (Fig. 30).

In the severe winters (Fig. 30b), most of
the birds were recorded in the sections J and
K southwest of Fyn and in southwestern
Kattegat (F). In all seasons, comparatively
few birds were recorded in the westernmost
(A and B) and the easternmost sections (M,
N, O, R, Sand T).
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Fig. 30. Distribution and numbers of Scaup in Danish waters during autumn 1988 (a), winter 1987 (b), 1988 (c),

1989 (d) and spring 1988 (e), 1989 (), based on results obtained from aerial surveys.
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Numbers in the geographical sections

The numbers in the geographical sections
varied a great deal throughout the study
period. From autumn 1987 to spring 1988,
flocks of more than 1,000 birds were record-
ed at practically the same sites in each sur-
vey; in the same period in 1988/1989, the
location of large flocks varied greatly from
survey to survey.

Scaup was recorded in midwinter at
inland sites in numbers from 35 to 612 birds
and in the other seasons in numbers of up to
200 birds. The proportion of Scaup at coast-
al and inland freshwater sites in winter 1989
was 5%.

Internationally important numbers of
>3,100 birds (Rose & Scott 1994) were reg-
ularly recorded in winter from Alborg Bugt
(Ef), at Endelave (Fb) and in Lillebelt (Ja).
In addition, numbers exceeded the 1% level
in the severe winter south of Zre (Ka) and
in the last mild winter south of Szby (Eb).

Dispersion

In all seasons, birds were very concentrated,
less so in the severe winter. Scaup occurred
in great dense flocks, most often out of sight
from land. Smaller flocks were recorded
mixing with Tufted Duck and Pochard in
coastal lakes.

General comments

The comparatively small numbers recorded
in autumn 1987 and spring 1989 were prob-
ably caused by bad timing of the aerial sur-
vey in relation to the spring migration of the
birds. The totals of the species varied a great
deal, but as the majority of the birds were
recorded in huge flocks of up to 18,000
birds, often several kilometres from the
coast, the omission of one flock could affect
the totals seriously.

The occurrence of large flocks indicated
nocturnal feeding and diurnal roosting as
recorded for Scaup in Sweden (Nilsson
1969b). The roosting sites would predictably
be the safest (e.g. from hunting activity) and
most undisturbed sites within range of feed-
ing areas. The nomadic occurrence of
Scaup, as registered during this study, may

be explained by changes in disturbances
from hunting and other recreational activ-
ities.

Up to 13% of the winter population in
northwestern Europe estimated at 310,000
birds by Rose & Scott (1994) was recorded
during this study.

Seasonal and geographic variation

The rather large difference in numbers
between the two autumn surveys, and fur-
thermore between autumn and winter sur-
veys, indicated that the main migration was
taking place very late in autumn (Novem-
ber/December).

Comparison with the results of
surveys in 1968-1973

The numbers of Scaup recorded in autumn
1968 and 1969 were 43,590 and 38,267
birds, respectively; these numbers are much
higher than those observed in the 1987-1989
study, where decreases occurred in all sec-
tions except Kattegat (E). In Limfjorden
(C), the numbers in 1968 and 1969 were
18,945 and 6,751 birds respectively, which
is more than 13 times the numbers of the
1987-1989 study. As the numbers within
this area in winter were only 582 birds on
average, the high numbers in autumn were
presumably birds staging on the migration
from Fenno-Scandia to the winter quarters.
If the ultimate wintering grounds of these
birds was the IJsselmeer area in the Nether-
lands, this migration should have been
reflected in higher numbers along the Dan-
ish west coast or in the Danish Wadden Sea.
The number of Scaup passing Blévand
(section A) on migration was up to 100 per
autumn during 1963-71 (Petersen 1974) and
numbers were comparatively small in the
Wadden Sea as well (Laursen et al., in
press). The decrease in Limfjorden from a
maximum of almost 19,000 in 1968 to a
little less than 2,000 in 1988 occurred
simultaneously with the disappearance of up
to 25,000 birds from the wintering sites at
the Firth of Forth, Britain (Salmon 1988).
These birds were believed to be mostly of
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Scandinavian and/or Russian origin, if not
entirely, and it seems likely that the birds
recorded in Lim-fjorden in November were
of the same population that were found win-
tering in the Firth of Forth in January/Febru-
ary (Campbell 1984).

In Limfjorden, the decrease happened in
a period of serious reduction in the quality
of the water (Christensen 1988). It seems
most likely that these birds have now been
assimilated into the west Baltic Sea winter
population. Numbers in the adjacent Katte-

gat have increased since 1968-1973,
although this increase was of smaller magni-
tude (this study).

In winter, the numbers observed during
the 1968-1973 surveys ranged from 41,981
to 95,240, being highest in severe winters.
The average was 66,349 birds, 2.5 times the
1987-1989 counts. The birds were distribut-
ed differently in former times, with the
majority recorded in Lillebzlt (J). In this
section, the average number decreased by a
factor of 5.8 from 43,428 birds in 1968-
1973 to 7,515 birds in 1987-1989. In the
adjacent Sydfynske @hav (K), numbers
decreased by a factor of 5.4 from an average
of 6,983 to 1,303 birds. In southwestern
Kattegat (F), the numbers decreased by a
factor of 1.6 from 10,533 to 6,453 birds,
whereas in northern Kattegat (E) the num-
bers increased by a factor of 7.7 from 1,240
t0 9,564.

The principal food of Scaup in Danish
waters is molluscs (Madsen 1954). There is
no indication that the amount of molluscs
has decreased in Danish waters; probably, it
is not a lack of food that has led to these
decreases in the numbers of Scaup. In the
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IJsselmeer area, up to 160,000 Scaup now
winter, mainly feeding on Zebra Mussels
Dreissena polymorpha (van Eerden & Zijl-
stra 1986), and it is possible that the rapid
colonisation of this mussel has provided bet-
ter feeding opportunities than Danish
waters, resulting in birds moving their win-
ter quarters to IJsselmeer.

During the period of population declines
in Scaup in Danish waters, numbers
increased along the eastern part of the Ger-
man Baltic Sea coast (the former GDR)
reaching a level of 60,000 birds in mild win-
ters from January 1988 (Struwe & Nehls
1992). The birds are presumably only
present at these German sites in very mild
winters (H.W. Nehls, pers. comm.) and it
seems most likely that the western Baltic
Sea forms one wintering area for this
nomadic species; the result is large annual
variations in the numbers in both Denmark
and Germany.

The decrease in total numbers and redis-
tribution of the birds might have been fur-
ther affected by the level of hunting and oth-
er recreational activities at sea. Unfortunate-
ly, no studies of the effects of human distur-
bance at sea in these areas have been pub-
lished. In the period between the two stud-
ies, the estimates of the Western Palearctic
Scaup population has been judged to be
stable (Atkinson-Willes 1976, Laursen
1989). On the basis of 1987-1989 figures
from the Netherlands (van den Bergh 1992),
Poland (Meissner & Kozakiewicz 1992) and
the Baltic Sea coast of Germany (the former
GDR; Struwe & Nehls 1992), the popula-
tion estimate was raised to 360,000 birds
(Laursen et al. 1992).
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Eider Somateria mollissima

The majority of Eiders were recorded in
shallow water areas where survey ships
could not operate. Thus, the results for Eider
were exclusively based on aerial surveys.

Total numbers
Eider was recorded in the moulting season
during late summer in numbers from 70,518

to 135,287 birds. From autumn to spring,
the numbers ranged from 419,592 in autumn
to 779,360 birds in winter (App. XIX).
Numbers increased throughout the study
period in all seasons except spring.

Moult
During the moulting period in late summer,
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Fig. 31. Distribution and numbers of Eider in Danish waters during late summer 1987 (a), 1988 (b), 1989 (c),
autumn 1987 (d), 1988 (e), winter 1987 (f), 1988 (g), 1989 (h) and spring 1988 (i), 1989 (j), based on results

obtained from aerial surveys.

... continued next page
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the behaviour of the birds did not differ
from that in the other seasons. The eclipse
plumage being less conspicuous than the
breeding plumage might have led to a minor
underestimation of the numbers in late sum-
mer. The large majority of birds was record-
ed in Kattegat (sections E, F and S) where
the numbers amounted to more than
100,000 birds in 1989. Numbers exceeding
5,000 birds were additionally recorded in
the Wadden Sea (A), Lillebelt (J) and
Storebaelt (N). Most birds were recorded on
shoals often connected with small sandy
islands or sandy beaches, e.g. at Lesg (Ec)
and Svanegrund (Fb).

Geographical distribution

In all seasons, the great majority of birds
was recorded in the Wadden Sea (A) and the
central parts of the Danish waters (E, F, J, K,
N and S) (Fig. 31).

In autumn as well as in winter (Fig. 31d-
h), most birds were recorded in northern
Kattegat (E), while in spring (Fig. 31i, j) the
highest numbers were recorded in the south-
ern parts of Kattegat (F and S).

Large numbers of birds were also record-
ed in Lillebzlt (J) and Storebelt (N) in win-
ter and spring.

Numbers in geographical sections
In the Wadden Sea (A) and northern Katte-
gat (E), the relative numbers decreased from
autumn to spring, in southwestern Kattegat
(F) numbers were relatively stable in that
period, while in sections J, K, N and S, num-
bers increased from autumn to spring (see
also Noer 1991).

Up to five Eiders were twice counted at
inland sites covered from the ground.

Internationally important numbers of
>20,000 birds (Rose & Scott 1994) were
recorded in 21 areas (Fig. 32).

Dispersion
The species showed an increasing dispersion
from late summer to spring (App. XIX).

General comments
In spring, especially in 1989, the survey was

Fig. 32. Twentyone Danish water areas of International
importance for Eider(hatched) in 1987-1989.

performed so late that a considerable pro-
portion of the birds had already left the win-
tering grounds (Dybbro 1978), and there-
fore, the spring totals are not believed to
reflect the total spring population.

The increase in numbers recorded prob-
ably not only reflects an increase in numbers
in Danish waters, but also, to a lower extent,
the growing experience in surveying the off-
shore waters.

Up to 26% of the winter population in the
Western Palearctic estimated at 3 million
birds by Rose & Scott (1994) were recorded
in the Danish waters during the 1987-1989
study. This represents 39% of the Baltic
Sea-North Sea population.

Seasonal and geographical variation
The average total in winter was about
140,000 birds more than in autumn indicat-
ing that a considerable migration took place
after the autumn survey in the middle of
November and before the winter survey in
January. A late autumn migration has also
been indicated by ringing recoveries by
Noer (1991).

The autumn peak in numbers in the Wad-
den Sea recorded during the 1987-1989
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study does not correspond well with those
of other studies (Swennen et al. 1989, Laur-
sen et al. in press), in which maximum num-
bers were recorded in winter. However, the
numbers recorded in November 1987 were
about three times as large as the average for
the month (Laursen et al. in press). It is
unknown whether this was merely a coinci-
dence, or whether it was correlated to a late
occurrence of Eiders in the adjacent Ger-
man Wadden Sea where numbers peak in
October (Nehls 1991, Swennen et al. 1989).

In northern Kattegat, Eiders mainly origi-
nate from western Sweden and Norway. The
decline in relative numbers from autumn to
spring support the suggestion by Noer
(1991), that these populations arrive earlier
in the winter quarters and depart earlier in
spring than other Eider populations in Dan-
ish waters. Late winter movements of Eider
from the Wadden Sea to the inner Danish
waters seem to be the main reason for the
decline from winter to spring observed in
this area (Swennen at al. 1989).

In southwestern Kattegat, Eiders from the
Danish population mix with Eiders from the
Kattegat and Baltic Sea populations. Num-
bers were comparatively stable in the south-
western Kattegat area despite emigration
and immigration of Eiders from the popula-
tions involved during winter and spring (see
Noer 1991).

The increase in relative numbers in sec-
tions J, K, N and S is presumably caused by
immigration of Eider from both the Kattegat
and the Wadden Sea during winter (Noer
1991).

Comparison with the results of
surveys in 1968-1973

The results from the incomplete surveys in
late summer 1967-1971 are comparable
with those of the 1987-1989 study only for
the Wadden Sea (A) and Kattegat (E, E, S),
but they indicate no significant change in
the numbers of moulting birds in Danish
Waters. The numbers recorded in autumn
1968 and 1969 were on average 433,409
compared with 487,459 during the 1987-
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1989 study, with large annual differences
during both study periods. The geographical
distribution showed large differences
between the two studies. Most obviously in
northern Kattegat (E), the numbers
increased by about 91,000 birds, and the
Wadden Sea numbers increased by about
11,000 birds compared with 1968-1969. In
southwestern Kattegat (F) numbers decreas-
ed by about 42,000 birds and in the sections
J, K, N and S numbers decreased from
35,000-40,000 birds to about 30,000.

Given the expansion of the species
(Almkvist & Anderson 1972, Stjernberg
1982, Laursen 1989, Franzmann 1989),
higher autumn survey totals were expected.
However, the survey periods during the
1968-1973 study were somewhat later
(median dates 13 November and 26 Novem-
ber compared with 5 November and 7
November during the 1987-1989 study) and
a larger part of the birds were probably
present in the Danish waters during 1968-
1969.

Birds in northern Kattegat (E) are the
first to arrive in Danish waters in autumn
(Noer 1991); so the observed increase in
this area results from increases in the west
Swedish population (Franzmann 1989).
However, the increase might also partly be
due to a redistribution of the birds from sec-
tion F where a pronounced decrease was
recorded in autumn. The improved coverage
of section E during the 1987-1989 surveys
is believed to be of only minor significance
in the increase of this species, as Eider is
usually found rather close to the coasts and
considered well covered by the 1968-1973
surveys (Joensen 1974).

Due to the difference in survey periods, it
seems most likely that the decreases in sec-
tions J, K, N and S were caused by a small
proportion of the Baltic Sea Eider reaching
Danish waters at the time of the surveys.

During the winters of 1969-1973, an
average of 455,643 birds was recorded com-
pared with 627,487 birds during the 1987-
1989 study. Important differences in the
winter distributions between the two study
periods were observed.
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In the Wadden Sea (A) numbers
decreased (by about 24,000 birds) compared
with 1969-1973, a decrease that was also
noticed by Laursen et al. (in prep) and
which was suggested mainly to be caused by
poor feeding conditions due to heavy
exploitation of Blue Mussel Mytilus edulis
in this area.

In all other sections, numbers were stable
(sections F and N) or increasing compared
with earlier surveys. In northern Kattegat
(E), an increase of about 97,000 birds were
recorded, and in sections J, K and S the

Steller’s Eider Polysticta stelleri

All of the 13 observed individuals were
recorded during the severe winter of 1987;
12 were registered in one flock at Erthol-
mene (T) and one at Bornholm (T).

The flock at Ertholmene was the largest

increases included 16,000-25,000 birds.

From the results of the winter surveys in
north-western Europe 1967-1973, the total
Eider population was estimated at 2 million
birds by Atkinson-Willes (1976), and this
estimate was increased to 3 million on the
basis of recent surveys (Laursen 1989). If
the results of the latest winter survey of
1989 (779,360 birds) are compared with the
1969-1973 surveys, the increase is about
60% or close to the estimated increase
(50%) in the northwest European winter
population (Laursen 1989).

ever recorded in Danish waters. It occurred
in a period of great expansion in winter in
the eastern Baltic Sea (Kuresoo 1992,
Petraitis 1992). The species was not record-
ed during the 1968-1973 surveys.

Long-tailed Duck Clangula hyemalis

The species occurred in aggregations scat-
tered over large offshore areas often very far
from the coasts. Since there was no apparent
preference for shoals and reefs, the results
were based on transect data and to a small
degree on data from countrywide aerial sur-
veys.

Total numbers
All regions where Long-tailed Duck
occurred were covered by transect surveys
from ship on three occasions and the total
numbers of birds in Danish waters were esti-
mated at: 425,000 birds in the severe winter
of 1987, 165,000 in the mild winter of 1988
and 265,000 in late spring 1988 (App. XX).
During countrywide surveys, numbers
varied from 277 birds in autumn to 19,208
birds in spring. Long-tailed Duck was not
recorded in late summer (App. XXI).

Geographical distribution

The majority of birds were recorded in the
Baltic Sea, especially in Femer Belt and on
Ronne Banke. In Kattegat, comparatively
small numbers of birds were recorded, while
in the North Sea, the species was only
recorded occasionally (Fig. 33).

Numbers in geographical sections
The only area that was satisfactorily covered
by aerial transects in autumn, winter and
spring was Renne Banke. In late autumn
1988, the estimated numbers were 27,000
birds, in winter 1989 77,000 birds and in
spring 1989 86,000 birds. During the winter
of 1989, Renne Banke was covered from
both ship and aircraft leading to similar esti-
mates (76,000 birds from ship and 77,000
birds from aircraft).

During the severe winter of 1987 and the
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Fig. 33. Distribution and density of Long-tailed Duck in Danish waters during
i winter 1987 (a), 1988 (b) and spring 1988 (c), based on results obtained from
ship surveys.
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subsequent spring, numbers recorded from
ship transects were similar in the only area
in the Baltic Sea, i.e. Femer Belt, that was
surveyed. During surveys in the mild win-
ters, numbers in the Baltic Sea areas
increased from winter to spring. In 1988, the
estimated numbers recorded from ship tran-
sects increased from 130,000 to 228,000
birds. On Renne Banke, the only Baltic Sea
area surveyed in winter and spring in both
years, the estimated increases were the same
(from 50,000 to 59,000 birds and from
77,000 to 86,000 birds) from winter to
spring.

Northern Kattegat was covered from ship
in autumn and winter; the numbers estimat-
ed varied between 4,000 and 30,000 birds in
autumn and 3,000 and 12,000 birds in win-
ter.

During countrywide aerial surveys, the
numbers increased from an average of 425
birds in autumn to 3,640 birds in winter and
11,628 birds in spring. Long-tailed Duck
was not recorded from ground covered
inland sites.

Internationally important numbers of
>20,000 birds (Rose & Scott 1994) were
estimated on Renne Banke, in Femer Belt,
Kieler Bay, Lilleblt and northern Kattegat.

Dispersion

Even though the birds were scattered over
large offshore areas, the vast majority of
Long-tailed Duck was recorded in a few
rather small areas. The distribution, thus,
resembled that of Razorbill and Guillemot
in the 1987-1989 study.

General comments

Due to the offshore distribution, the diving
behaviour at the approach of an aircraft and
optical problems in detecting the birds, the
species was very difficult to survey from
aircraft, and the majority of results derives
from transect surveys from ship.

The results from the countrywide aerial
surveys indicated that the Long-tailed Duck
appeared relatively late (i.e. November) in
Danish waters, and this was the most prob-
able explanation for the large difference in

numbers in Kattegat in autumn. The survey
in autumn 1987 was performed in October
whereas that of 1988 was performed in
November.

Up to 21% of the winter population in
northwestern Europe, roughly estimated at 2
million birds by Rose & Scott (1994), was
estimated in Danish waters during this
study.

Seasonal and geographical variation

The results of the countrywide surveys indi-
cated increasing populations in the Baltic
Sea from autumn to spring. The results from
the transect surveys showed the same ten-
dency from winter to spring, although,
unfortunately, no subsequent surveys in
autumn and winter were conducted in the
Baltic Sea. In the severe winter, birds were
concentrated in the western parts of the Bal-
tic Sea probably due to decreasing feeding
opportunities in the central and eastern parts
of the Baltic Sea caused by extensive ice.
The results indicated that these concentra-
tions were maintained during spring until
spring migration in May (Bergman & Don-
ner 1964). In the mild winters, the maxi-
mum numbers appeared much later (i.e. in
spring) without reaching the same level as
in the severe winter.

Comparison with the results of
surveys in 1968-1973

The 1968-1973 surveys were all country-
wide aerial surveys and as such comparable
only to the similar surveys performed dur-
ing the 1987-1989 study.

During the countrywide surveys of
November 1968 and 1969, 2,078 and 1,820
birds, respectively, were recorded. This is
four to five times as many as during the
1987-1989 surveys, even though the cover-
age of the offshore waters was much better
during 1987-1989. The results of the 1987-
1989 study indicated a later appearance of
the species in autumn in Danish waters.
Similar results have also been found in other
seaduck species.

The numbers in midwinters 1969-1973
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ranged from 9,191 birds in the severe winter
of 1970 to 2,903 birds in the normal winter
of 1969. The average of 5,648 birds was
close to the numbers in the severe winter of
1987 but much higher than in the subse-
quent mild winters.

The results of both studies covered only a
minor part of the birds wintering in Danish
waters due to their dispersed distribution in
offshore waters. However, the small num-

Common Scoter Melanitta nigra

Due to their occurrence over large areas and
their aggregating behaviour leading to the
formation of huge flocks, the results of
counts of Common Scoter were based on
both countrywide aerial surveys and the
transect surveys from both ship and aircraft
(see Table 2).

A noteworthy part of the birds using the
northern Kattegat occurred in a band par-
allel to the coast at a distance of a few kilo-
metres, forming huge concentrations in sev-
eral areas. The remainder was scattered in
flocks of varying size in offshore areas.
These flocks were often huge, e.g. >101,000
birds in a flock observed between Lasg and
Anbholt on 17 February 1989.

West of the Wadden Sea, the birds mainly
occurred in flocks rather close to the
islands. This Wadden Sea distribution pat-
tern hampered the calculations of densities
and totals from the transect surveys, hence,
the results for Common Scoter from this
area were mainly based on the countrywide
aerial surveys supported by information
from ship transects.

Moult

During the late summer moulting period the
Common Scoters were more vulnerable to
disturbance than during other seasons. The
birds reacted by diving at the approach of
the aircraft. Judging from a few observa-
tions, made under ideal weather conditions,
less than 20% of the birds remained on the
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bers during the 1987-1989 surveys, with a
much better coverage than during 1969-
1973, may indicate that numbers of Long-
tailed Ducks in Danish coastal waters have
decreased since 1969-1973.

The lack of transect results from offshore
waters during the 1968-1973 surveys does
not allow any comparisons with the results
obtained by transect surveys during the
1987-1989 study.

water surface when the aircraft passed.
Thus, the numbers of the species recorded
in late summer were severely underestimat-
ed. In the late summer nearly all birds were
recorded on shoals far from the coast off the
Wadden Sea (A) and in Kattegat (E, F and
S).

Total numbers

During the late summer moulting season,
the total numbers ranged from 32,591 to
123,929 birds. From autumn to spring the
numbers recorded from countrywide aerial
surveys ranged from 135,605 to 396,319
birds, numbers being very variable in all
seasons (App. XXII).

From ship transects, the numbers in Dan-
ish waters were estimated at 545,000 birds
in autumn 1987, 385,000 birds in winter
1988 and 120,000 birds in late spring 1988
(App. XXIII).

The results obtained from ship transects
supplemented by numbers from aerial sur-
veys lead to the following total estimates for
the Danish waters: 625,000 birds in autumn
1987, 400,000 birds in winter 1988 and
385,000 birds in spring 1988.

Geographical distribution

During countrywide aerial surveys, the great
majority of birds were recorded in four sec-
tions (A, E, F and S) in all seasons (Fig. 34).
In late summer, autumn and the severe win-
ter of 1987 (Fig. 34a-f) the highest numbers
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of birds were recorded west of the Wadden
Sea (A), whereas in the mild winters and
spring (Fig. 34g-j), the highest numbers
were recorded in northern Kattegat (E).

In addition, comparatively large numbers
were recorded in southwestern and south-
eastern Kattegat (F and S) in spring.

During ship transect surveys, the highest
densities were recorded in the area west of
the Wadden Sea and in northern Kattegat in
all seasons (Fig. 35).

Numbers in the geographical sections

West of the Wadden Sea (A), an average
decrease was recorded during countrywide
surveys from 113,213 birds in autumn to
78,547 birds in winter and 27,481 birds in
spring. The opposite trend was observed
during countrywide surveys in northern and
southeastern Kattegat (E and S). In northern
Kattegat (E), an average of 54,036 birds was
recorded in autumn, 124,475 birds in winter
and 148,090 birds in spring; and in south-
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Fig. 34. Distribution and numbers of Common Scoter in Danish waters during late summer 1987 (a), 1988 (b),
1989 (c), autumn 1987 (d), 1988 (e), winter 1987 (f), 1988 (g), 1989 (h) and spring 1988 (i), 1989 (j), based on

results obtained from aerial surveys.

... continued next page
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Fig. 35. Distribution and density of Common Scoter in Danish waters during
autumn 1987 (a), winter 1988 (b) and spring 1988 (c), based on results
obtained from ship surveys.
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eastern Kattegat (S) an average of 721 birds
was recorded in autumn, 8,550 birds in win-
ter and 69,178 birds in spring.

In northern Kattegat, the numbers esti-
mated from ship transects varied between
337,000 and 420,000 birds, being highest in
autumn. Aerial transects were only conduct-
ed during autumn and spring when numbers
ranged from 156,000-275,000 birds (Table
6).

The inshore Danish waters south of
Kattegat were surveyed by ship in winter
and spring 1988; rather high numbers of
10,000-20,000 birds were recorded in spring
in Lillebelt and Faxe Bugt.

The total estimate based on ship transects
of the inner waters (including southern
Kattegat) in winter was on average 11,350
birds compared with 57,250 birds in spring.
By comparison, 48,313 birds were recorded
in the inner waters during countrywide
counts from aircraft in winter 1988 and
60,890 birds during spring 1988. Common
Scoter was not recorded from ground cov-
ered inland sites.

Internationally important numbers of
>8,000 birds (Rose & Scott 1994) were re-
corded in nine areas (Fig. 36).

Dispersion

Taking the high numbers of this species into
account, the birds were relatively concen-
trated in all seasons (App. XXII).

General comments
Results from the area west of the Wadden
Sea were difficult to compare, because the

N

Fig. 36. Nine Danish water areas of International im-
portance for Common Scoter (hatched) in 1987-1989.

potential area for Common Scoter extends
into the German waters and because mili-
tary controlled areas often restrict aerial sur-
veys. The results indicated that the area west
of the Wadden Sea is an important staging
area during autumn migration and in winter
but is less important as staging area in
spring.

Due to the distribution pattern, it is
believed that the countrywide surveys and
the transects only to some extent have been
covering the same birds in northern Katte-
gat. The countrywide counts provided good
coverage of birds close to the coast but poor

Table 6. Numbers of Common Scoter counted and estimated in northern Kattegat from ship and aircraft.

Survey method

SHIP TRANSECT AERIAL TRANSECTS AIRCRAFT
Period Counted Estimated Counted Etimated Country
October/November 1987 30,066 420,000 2,000 275,000 17,346
January/February 1988 29,575 337,000 151,195
March/May 1988 1,552 245,000 79,254
March/April 1989 1,805 156,000 216,925
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coverage of the central parts of the area. The
transects were not situated close to the
coastline, so birds close to inshore areas
were missed. On the other hand, the survey
method used covered the birds well in the
central parts. The difference in the coverage
of the whole area caused problems with the
calculation of densities from transect data as
well as difficulties when combining and
interpreting the results obtained with the
two different methods.

The 1988 spring transect survey of Katte-
gat was conducted in late May at a time
when the majority of Common Scoters had
left the area.

Up to 78% of the winter population in
Europe estimated at 800,000 birds by Rose
& Scott (1994) were estimated in Danish
waters during the 1987-1989 study.

Seasonal and geographical variations
The area west of the Danish Wadden Sea is
one of the most important moult areas
known for Common Scoter (Joensen 1973).
Variable numbers of birds remain within
this area after the moult of wing feathers or
move to other winter quarters further south.
This may explain the same trend for large
numbers in autumn and small numbers in
winter and spring from both types of survey,
despite large differences in results and diffi-
culties in comparing these directly. In the
Wadden Sea, the numbers recorded during
spring migration have been highly variable
with a maximum of about 177,000 birds in
March 1987 (Laursen et al. in press). It
seems likely that large numbers of this spe-
cies only reach Danish waters in some
springs before passing into the Baltic Sea.
In most years, the passage may have
occurred further south, resulting in small
spring maxima off the Danish Wadden Sea.
The results from Kattegat indicated that a
rather stable number of 300,000-500,000
Common Scoter occurs within this area,
based on results from both countrywide and
transect surveys from autumn to spring. In
the same seasons, 100,000-340,000 birds
have actually been recorded during country-
wide counts (leaving out the results of

autumn 1987 due to insufficient coverage).
The numbers of Common Scoters wintering
in Kattegat may be much larger, as the esti-
mates during transect surveys were rather
conservative. Kattegat is very difficult to
cover completely during countrywide
counts, since flocks of >100,000 birds have
been recorded.

Comparison with the results of
surveys in 1968-1973

Numbers and distribution of the Common
Scoter seemed to change significantly be-
tween years as in former studies (Joensen
1973, Owen et al. 1986). Thus, it remains an
open question whether the results reflect the
actual situation in late summer and whether
it is possible to monitor moulting Common
Scoter from the air. The results from the
incomplete surveys in the late summers of
1967-1971 were not comparable to the
results of this study, due to great differences
in the coverage.

The 1968-1973 aerial surveys were per-
formed in single-engined aircraft and, for
this reason, the offshore waters were not as
well covered as during the 1987-1989 sur-
veys. During November 1968 and 1969,
113,975 and 88,229 Common Scoter,
respectively, were recorded. In the winters
1969-1973, numbers varied from 76,045 to
139,318 birds.

The great similarity in the results
obtained in 1987-1989 with the 1968-1973
autumn and midwinter surveys indicated
that the winter distribution had been reached
by the time the autumn surveys were per-
formed. The results of both sets of survey
show that normally in winter, half of the
birds are in Kattegat and less than a third is
west of the Wadden Sea. The 1987-1989
autumn surveys differ noticeably from this,
with two thirds of Common Scoter recorded
west of the Wadden Sea and only about one
third in Kattegat. Even though the 1968-
1973 surveys were conducted somewhat lat-
er (median dates 13 November and 26
November compared with 5 November and
7 November during 1987-1989), this could
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indicate that the 1987-1989 autumn surveys
were performed whilst the autumn migra-
tion was still going on. It could also be that
the autumn migration of Common Scoter
occurs later in autumn in 1987-1989 years
compared with the 1970s.

Due to the increased coverage of the off-
shore waters during 1987-1989, a compari-

Velvet Scoter Melanitta fusca

The results of counts of Velvet Scoter in
northern Kattegat were primarily based on
transect estimates, whereas the results from
southern Kattegat and the inner Danish
waters were based on both transect esti-
mates and countrywide aerial surveys (see
Table 2).

Moult

During the moulting period the species
reacted by diving at the approach of an air-
craft, though it dived much less frequently
than Common Scoter.

The majority of the birds was recorded in
late summer in northern Kattegat (E) in
1987 and 1989, whereas in 1988, equal
numbers were recorded in northern Kattegat
and Storebzlt (N). Comparatively large
numbers were additionally recorded in
southwestern Kattegat (S). The birds were
all recorded on shoals far from the coasts
like the Common Scoter.

Total numbers

During transect surveys, total estimates
amounted to 100,000 birds in autumn 1987,
125,000 birds in winter 1988 and 76,000
birds in spring 1988, although the latter
number should be interpreted with caution
(see later, App. XXIV).

Up to 7,606 birds were recorded from
countrywide surveys in late summer, when
the birds were undergoing wing moult. In all
other seasons, total numbers varied from
1,676 birds in autumn to 40,885 birds in the
severe winter of 1987 (App. XXV).
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son of the numbers with the results from
1968-1973 is not possible. However, it
should be noted that the numbers have
increased very little in the inner Danish
waters, which is probably the area with most
overlapping coverages during the two peri-
ods.

The results from the countrywide aerial
surveys showed increasing numbers in all
seasons except winter; numbers were much
higher in the severe winter of 1987 than in
subsequent mild winters.

Results from ship transects supplemented
by numbers from aerial surveys generated
the best obtainable estimates for the Danish
waters: 100,000 birds in autumn 1987,
130,000 birds in winter 1988 and 90,000
birds in spring 1988.

Geographical distribution

In all seasons, the majority of the birds were
recorded in Kattegat based on countrywide
surveys (sections E, F and S) (Fig. 37).

In late summer and autumn (Fig. 37a-¢),
most birds were observed in northern Katte-
gat (E), whereas in winter and spring (Fig.
37£-j) the highest numbers were recorded in
Sejergbugten (S).

In the severe winter, the distribution dif-
fered from that of the mild winters as 20%
of the birds were recorded in southwestern
Kattegat (F) compared with 3% in mild win-
ters, and 14% in Storebezlt (N) compared
with 1% in mild winters. In contrast, only
0.3% of the birds were recorded in northern
Kattegat compared with an average of 39%
in the mild winters.

The majority of birds were recorded in
northern Kattegat in autumn and winter dur-
ing transect surveys (Fig. 38a, b). In spring,
rather large concentrations were recorded in
Kieler Bay and Smalandshavet (Fig. 38c).
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Numbers in geographical sections

In northern Kattegat, three autumn, one
winter and three spring transect surveys
were conducted.

In autumn, the estimated numbers ranged
from 22,000 to 100,000 birds. A ship and an
aircraft survey were performed in the same
season giving estimates of 100,000 and
24,000 birds respectively. In winter, a total
of 109,000 birds was estimated. In spring,

the estimated numbers ranged from 27,000
to 76,000 birds.

Off the Wadden Sea (A), numbers of Vel-
vet Scoter during countrywide surveys were
highest in autumn, when the countrywide
totals were lowest. In northern Kattegat (E),
the numbers recorded were relatively stable
through the year being highest in the mild
winters. In southern Kattegat (F and S),
numbers were highest in spring.

U) Late summer 1987

C) Late summer 1988
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Fig. 37. Distribution and numbers of Velvet Scoter in Danish waters during late summer 1987 (a), 1988 (b), 1989
(c), autumn 1987 (d), 1988 (e), winter 1987 (f), 1988 (g), 1989 (h) and spring 1988 (i), 1989( j), based on results

obtained from aerial surveys.

... continued next page
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Fig. 38. Distribution and density of Velvet Scoter in Danish waters during
autumn 1987 (a), winter 1988 (b) and spring 1988 (c), based on results
obtained from ship surveys.
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In Sydfynske @hav (K), numbers in-
creased from no birds in autumn to an aver-
age of 1,019 in spring and in southeastern
Kattegat (S) numbers increased from an
average of 523 birds in autumn to 9,469
birds in spring. Velvet Scoter was not re-
corded from ground covered inland sites.

In Danish waters, internationally impor-
tant numbers of >2,500 birds (Rose & Scott
1994) were estimated in four areas during
countrywide counts (Fig. 39). During spring
1988, the estimated total in the southern
parts of the Danish waters exceeded 50,000
birds.

Dispersion

In all seasons, birds were confined to a
small number of offshore count areas, but
widely distributed within these (App.
XXIV).

General comments

Velvet Scoter tended to stay on the water
while Common Scoter took to the wing at
the approach of a ship or an aircraft. During
the first years of aerial surveys, this behavi-
our was unknown, so a large number of Vel-
vet Scoter has been recorded as Common
Scoter. Also, during later surveys, birds
identified at distances of >300 metres from
the aircraft were probably to some extent
misidentified (Pihl & Frikke 1992).

The transect surveys in spring 1988 in
Kattegat were conducted in May when most
of the birds probably had left the area for
the breeding grounds.

The underestimation of numbers during
countrywide aerial surveys was underlined
during the severe winter of 1987. In that
winter, extensive ice cover in Kattegat
forced the birds to aggregate in small ice-
free areas, so, flocks were much larger, and
the numbers recorded were five times the
average for mild winters. However, an influx
into Danish waters from the eastern Baltic
Sea due to extensive ice cover might also
have contributed.

The transects in Kattegat in the spring of
1988 were performed in May, too late to
reflect the numbers in the area prior to the

94

Fig. 39. Four Danish water areas of International
importance for Velvet Scoter (hatched) in 1987-1989.

spring migration. Countrywide surveys and
transect surveys in all other areas indicated
increasing numbers from winter to spring,
thus, a survey performed in spring before
the migration could be expected to produce
estimates at least at the same level as in
winter.

Compared with the winter population of
the Western Palearctic estimated at 250,000
birds by Rose & Scott (1994), up to 52%
was estimated in Danish waters during the
1987-1989 study.

Seasonal and geographical variations

The numbers recorded during late summer
and autumn varied little (on average 3,773
and 3,016 birds respectively), perhaps indi-
cating that very little migration took place
between late August and early November.
Birds occurring before mid November prob-
ably moulted in Danish waters.

The late south and westward migration of
the species combined with the increasing
numbers towards spring probably reflects a
slow movement through the Baltic Sea due
to increasing ice cover in the northern parts
of this area.

In autumn and winter, Velvet Scoter was
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mainly occurring in northern Kattegat where
ship surveys indicated a wintering popula-
tion of more than 100,000 birds. Due to the
late performance of transect surveys in
spring, numbers were probably underesti-
mated. In spring, birds also occurred in
large numbers in southern Danish waters
(App. XXV); considering this fact, the total
number of Velvet Scoter in Danish waters in
spring probably reached 130,000 birds.

Comparison with the results of
surveys in 1968-1973

Numbers and distribution of the Velvet
Scoter changed significantly in the late
summer during the 1987-1989 study.

The results of the surveys in late summer
1968-1973 were incomparable with those of
the 1987-1989 study, as a whole, due to
great differences in the coverage. The inner
part of Limfjorden (C), however, constituted
an isolated moulting area well covered dur-
ing both studies, and in this area, the num-
bers decreased from more than 10,000 birds
to a few hundreds.

Despite the less extensive coverage of
offshore waters, numbers were much higher
during the 1968-1973 autumn surveys than
during the 1987-1989 surveys. In the
autumn of 1968 and 1969, 37,538 birds and

Goldeneye Bucephala clangula

Total numbers
In late summer, moulting numbers were
comparatively stable varying between 1,425
and 1,996 birds. From autumn to spring,
numbers varied from 13,005 birds in spring
to 55,394 birds in winter (App. XXVI).

The totals were rather stable in winter
with the spring and autumn surveys in 1988
at the same level as the midwinter counts.

Moult
In late summer the birds were recorded
exclusively in sheltered inlets and coastal

19,426 birds, respectively, were recorded.
During the 1968-1973 surveys, greater num-
bers of moulting Velvet Scoter were record-
ed in Danish waters (Joensen 1974, Laursen
et. al. in press), and it seems likely that the
reduced numbers of birds recorded in
autumn were a result of this.

The numbers recorded in the winters dur-
ing 1968-1973 varied from 5,525 birds to
21,520, being highest in a normal winter.
On average, 14,639 birds were recorded,
almost twice the total of mild winters during
the present study. If the severe winter of
1987 was included, the average of the pres-
ent study was the highest.

Given the much better coverage of Katte-
gat (E) during the 1987-1989 surveys, it
seems most likely that numbers had
decreased in the period between the two sur-
veys.

Joensen (1974) stated: “The species is
generally found closer to the coast and on
shallower water than Melanitta nigra.”, and
also: “This species is very gregarious, and
in countrywide surveys, three-quarters of
the birds were in a few flocks each of more
than one thousand, and occasionally more
than ten thousand.” This is completely dif-
ferent from the dispersed occurrence that
has been observed during the 1987-1989
study.

lakes. Numbers exceeding 100 individuals
were found only in Hjarbek Fjord (sub-
section Cf), Bankel Sg (Ja) and Isefjord
(Sa).

Geographical distribution

In late summer, the great majority of birds
assembled in moulting flocks in Hjarbaek
Fjord (Cf) and Bankel Sg (Ja). Most birds in
1987-1989 were in Limfjorden (C) during
autumn to spring (Fig. 40). In winter, large
numbers were also recorded in southwestern
Kattegat (F) as well as in the sections south-
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west of Fyn and in spring in northern and
southwestern Kattegat (E and F).

In the severe winter, a smaller proportion
of the birds was recorded in closed inlets
such as Limfjorden (C).

Numbers in geographical sections
Numbers in Limfjorden were higher in
autumn than in spring (on average 19,753
birds compared with 8,676 birds in spring).
In all other sections, numbers were highest
in spring (total on average 21,498 birds
compared with 12,813 birds in autumn).
Between 27 and 1,140 Goldeneye were
recorded at inland sites at midwinter and up
to 622 birds in the other seasons. The pro-
portion of Goldeneye at coastal and inland
freshwater sites in winter 1989 was 5%.
Internationally important numbers of
>3,000 birds (Rose & Scott 1994) were reg-
ularly recorded at Lovns Bredning (Cf)
except in late summer. Single records of
internationally important numbers were
made in autumn in Ka&s Bredning (Cb),
Skive Fjord (Cf) and Horsens Fjord (Fb), in
the severe winter in Fiborg Bugt (Ka) and
in the mild winters around Stryhng (Ka).

Dispersion
In late summer, birds were very concentrat-

ed in sheltered inlets, although the birds
were very dispersed in all other seasons,
especially in winter, in all types of coastal
areas except the west coast of Jylland (App.
XXVI).

General comments

The low numbers in autumn 1987 and spring
1989 were probably caused by the timing
of the surveys prior to the arrival and after
the departure of the majority of the birds.

Up to 19% of the winter population in
northwestern Europe estimated at 300,000
birds by Rose & Scott (1994) was recorded
during the 1987-1989 study.

Seasonal and geographical variation

The high autumn numbers recorded in
Limfjorden compared with winter and
spring and the fact that few birds were seen
on migration at Blavand (Petersen 1974) or
staging in the Wadden Sea (Laursen et al., in
press) confirmed the autumn migration pat-
tern from Scandinavia to the United King-
dom including a staging area in Limfjorden
as shown by Nilsson (1969b). Numbers in
Kattegat (E) peaking in spring perhaps indi-
cate that birds stage in this area in spring on
their way from Great Britain to the breeding
grounds of Scandinavia.

Q) Autumn 1987

b) Autumn 1988

Fig. 40. Distribution and numbers of Goldeneye in Danish waters during autumn 1987 (a), 1988 (b), winter 1987 (c),
1988 (d), 1989 (e) and spring 1988 (1), 1989 (g), based on results obtained from aerial surveys. ... continued next page
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C) Winter 1987

f) spring 1988
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The high numbers recorded during the
late performed winter survey in 1989 indi-
cated that spring migration had commenced
in February. This was at least a month earli-
er than spring migration stated by Dybbro
(1978), and was most likely due to the mild
winter climate in 1989.
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Comparison with the results of
surveys in 1968-1973

In 1972, a particular study of the species in
the moulting period reported 12,000-14,000
moulting birds in Danish waters (Jepsen
1973). The decrease of about 10,000 birds
compared with the 1987-1989 study was
mainly observed in Limfjorden (C) and
Ringkebing Fjord (Bb), sections which no
longer constitute moulting areas for Golden-
eye.

In autumn 1968 and 1969, 72,416 and
33,045 birds, respectively, were recorded,
being on average about 20,000 birds more
than during the 1987-1989 surveys. As both
studies were carried out during the autumn
migration, a considerable part of this differ-
ence may be ascribed to the differences in
the survey periods (median dates 13
November and 26 November in 1968-1969
compared with 5 November and 7 Novem-
ber 1987-1988).

Autumn numbers in Limfjorden were
about 10,000 birds higher during the 1968-
1973 surveys than during the 1987-1989
surveys, but smaller proportions of the
totals were recorded there (67% and 38% of
the birds, respectively). This decline in
numbers was not reflected in the numbers in
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Great Britain where numbers were increas-
ing during winter in the period between the
two studies (Kirby et al. 1991). In 1969,
higher numbers (10%) were recorded in
western Jylland (B) than during the 1987-
1989 surveys.

In winter, the numbers ranged from

32,113 birds to 87,434 in the severe winter
of 1970 with an average of 56,304 birds or
almost 10,000 birds more than the average
of the 1987-1989 study. On average, 24,425
birds or 37% of the total were recorded in
Limfjorden, almost 15,000 birds more than
during 1987-1989. There seems to be no
doubt that the numbers wintering in Lim-
fjorden have decreased since the survey of
1968-1973.
The results of the 1968-1973 surveys indi-
cated that the highest totals were recorded in
severe winters. Although the average winter
climate during 1968-1973 was more severe
than during the 1987-1989 study, it is doubt-
ful whether this influenced the difference in
numbers of Goldeneye in Danish waters.
The difference is therefore believed to have
been stable or slightly decreasing from
1968-1973 to 1987-1989. The annual indi-
ces of the winter population in northwestern
Europe have been slightly increasing in the
same period (Monval & Pirot 1989).
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Smew Mergellus albellus

Total numbers

In total 750 birds were recorded from
autumn to spring (Fig. 41). The majority,
580 birds, was recorded in the severe winter
while 55 and 61 birds, respectively, were
recorded in the mild winters. In autumn,
three and 44 birds, respectively, were
observed compared with up to seven birds
in spring. Smew was recorded on ground
covered inland sites in winter in numbers up
to 53 birds.

Internationally important numbers of
>150 individuals (Rose & Scott 1994) were
recorded during the severe winter in the
southern harbour of Copenhagen (subsecti-
on Ra).

Smew was recorded during the 1968-
1973 surveys in autumn in numbers up to 30
birds and in winter in numbers up to 33
birds.

Fig. 41. Summarised observations (N = 750) of Smew
in Danish waters during autumn/spring (a) and winter
(b) for the period 1987-1989, based on results obtained
from aerial surveys.
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Red-breasted Merganser Mergus serrator

Total numbers

In the moulting season during late summer,
the totals varied from 1,366 to 6,876 birds
increasing during the 1987-1989. Between
the two autumns, the numbers varied from
5,203 to 27,617 birds which was more than
the variation between winter and spring
(App. XXVII). The totals were rather vari-

able, although the numbers in winter and
spring in the same year were rather stable.

Moult

Almost all birds were flightless during the
late summer surveys. The large moulting
groups were recorded several kilometres
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Fig. 42. Distribution and numbers of Red-breasted Merganser in Danish waters during late summer 1988 (a), 1989
(b), autumn 1987 (c), 1988 (d), winter 1987 (e), 1988 (), 1989 (g) and spring 1988 (h), 1989 (i), based on results

obtained from aerial surveys.
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©) winter 1987

M) spring 1988

from the coast on practically the same sites
in 1988 and 1989. The small flocks seemed
to be family groups found close to the coast
at varying sites between years. Most birds
were recorded in Limfjorden (section C),
except in 1989 when the majority was
recorded in Smalandshavet (M).

Geographical distribution

At all times, except during the severe winter
of 1987, the majority of birds were recorded
in Limfjorden (C) and Smalandshavet (M)
(Fig. 42). Considerable numbers were also
recorded in northeastern Sjalland (R) in late
summer, in Sydfynske @hav (K) in winter
and spring, and in the southeastern section
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(O) in spring. In addition, large numbers
were recorded from ship in Femer Balt in
winter and spring. In the severe winter, birds
were widely distributed and six sections
held more than 10% of the total.

Numbers in the geographical sections

Most birds were recorded in flocks of less
than 50 birds, but in autumn 1988, large
flocks probably consisting of migrating
birds were recorded in Limfjorden (C) and
Smélandshavet (M). In Limfjorden, seven
flocks ranging from 150 to 3,000 birds
amounted to a total of 9,110 birds and in
Smaélandshavet, 21 flocks ranging from 110
to 2,000 birds amounted to 10,300 birds. In
all, 70% of the birds recorded during the
specific survey belonged to these flocks and
the total number of the survey was much
higher than during the other surveys.

In autumn, 77% of the birds were record-
ed in Limfjorden and Smalandshavet (C and
M). The relative numbers decreased to 48%
in mild winters and 32% in spring.

In mild winters, birds were more concen-
trated and only sections C and M held more
than 10% of the totals. In spring, the birds
were more evenly distributed, and more than
10% of the totals were recorded in sections
C, J, K, M and O. The Red-breasted Mer-
ganser was recorded at ground covered
inland sites in winter in numbers up to 106
birds and in all other seasons in numbers up
to 23 birds.

Internationally important numbers of
>1,000 individuals (Rose & Scott 1994)
were recorded in late summer and autumn at
Logstor Bredning (Ce), in autumn in Veng
Bugt (Cb), Kés Bredning (Cb), at Feme
(Ma), Fejg (Ma), Tars Vig (Ma), Vene-
grunde (Mb) and Fakse Bugt (Oa), in mild
winters in Nissum Fjord (Bd) and in the
severe winter of 1987 at Lese (Ec), and
finally in spring at Stryhng (Ka).

Dispersion

The birds were concentrated in relatively
few counting areas in late summer and
autumn. The number of count areas with
registrations of the species increased over
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winter to spring when the birds occurred in
small flocks or in pairs (App. XXVII).

General comments

Red-breasted Merganser is one of the most
difficult species to survey from aircraft.
Nilsson (1975) found the efficiency com-
pared with ground counts to be only 39%.

Moulting flocks in late summer were
often hard to detect and identify and the
growing skill of the observers seemed to be
the most probable explanation of the
increasing numbers registred during late
summer.

Up to 28% of the northwest European
winter population estimated at 100,000
birds by Rose & Scott (1994) was recorded
during the 1987-1989 study.

Seasonal and geographical variations

The numbers in autumn 1987 were relative-
ly low as only one large flock was recorded
in section C. Joensen (1974) stated that the
numbers increased considerably in Novem-
ber, and it seems most likely that the survey
in autumn 1987 was conducted prior to the
November influx.

The reduced numbers from autumn to
winter in the two major areas (C and M)
probably had two independent causes: a
migration to other winter quarters as well as
a local dispersion. The large flocks in
autumn were easier to survey than the small
flocks in winter, especially as the birds in
winter seemed to occur comparatively fur-
ther off the coast. Underestimation of the
numbers in winter was, thus likely. The
migration from Smadlandshavet (M) has
most probably drawn the birds to the North
Sea area where considerable numbers occur
in the IJsselmeer in the Dutch Wadden Sea
(van den Bergh 1992), whereas the winter
quarters of the birds staging in Limfjorden
are unknown. However, three flocks were
recorded as migrants in the middle of the
North Sea between the Danish northwest
coast and Scotland (Tasker et al. 1987).
Peak numbers in Scotland occurred in
December (Kirby et al. 1993) when num-
bers in Limfjorden were declining. The
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numbers recorded in Great Britain in winter
suggested a small decline in the period
between the two studies (Kirby et al. 1991).
Records of three flocks in the Danish Wad-
den Sea (Tasker et al. 1987) and birds
recorded at Blavandshuk (Petersen 1974)
indicated some migration along the west
coast of Jylland.

Comparison with the results of
surveys in 1968-1973

The results from the late summer surveys in
1968-1971 were comparable only for Lim-
fjorden (C) and northern Kattegat (E). The
results seemed to indicate a decrease in
these areas from a level of 6,000 birds to a
level of 1,700. The recent number probably
includes Danish breeding birds, only, esti-
mated at 1,500-2,000 pairs in 1980 (Ferdi-
nand 1980). If so, the former results must
have included birds of foreign origin, prob-
ably Fenno-Scandian.

During the autumn surveys, 29,113 birds
were recorded in November 1968 and
18,195 birds in November 1969. Given the
large annual variations in all the survey
data, results of the 1987-1989 surveys prob-

Goosander Mergus merganser

Total numbers

Goosander was recorded from autumn to
spring in numbers varying between 61 and
21,396 birds (App. XX VIII).

The highest numbers were recorded dur-
ing the severe winter of 1987 but the varia-
tions were large in all seasons. Goosander
was not recorded during late summer sur-
veys.

Geographical distribution

During mild winters, the majority of birds
were recorded in Limfjorden (C), the east-
ern sections (M, O and R) and Lilleblt (J)
(Fig. 43¢, d).

ably do not differ from the results of the
1968-1973 surveys.

The geographical distribution in autumn
differed considerably between the two stud-
ies. During the 1968-1973 surveys an aver-
age of 19,928 birds, or 83% of the total, was
recorded in Limfjorden (C) compared with
6,996 birds, or 53% of the total, during the
1987-1989 survey. In Smalandshavet (M),
only an average of 249 birds or 1% of the
total was recorded during 1968-1969 com-
pared with 5,698 birds (24% of the total)
during the 1987-1989 study. In all other sec-
tions, the differences were small with a ten-
dency of higher numbers during the present
study.

In winter, totals ranged from 9,573 birds
in the mild winter of 1973 to 18,873 in the
normal winter of 1969 with an average of
15,064 individuals compared with an aver-
age of 12,805 during 1987-1989. The geo-
graphical distribution showed major differ-
ences from year to year in both studies and
between the two study periods.

During both studies, the lowest totals
were recorded in mild winters, and it seems
likely that the lower numbers from the 1987-
1989 study was a result of milder winters
during 1987-1989.

During the severe winter of 1987, a pro-
portionally smaller part of the birds was
recorded in sheltered bays like Limfjorden
(C) and the birds were widely distributed
over the Danish waters with eight sections
each holding 8-23% of the total.

The distribution during spring and au-
tumn 1988 resembled that of mild winters.

Numbers in geographical sections

In autumn and spring, the differences in
numbers between the two years were large
in all sections. In mild winters, the numbers
were rather stable except in Smélandshavet
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Fig. 43. Distribution and numbers of Goosander in
Danish waters during autumn 1988 (a), winter 1987
(b), 1988 (c), 1989 (d) and spring 1988 (e), based on

results obtained from aerial surveys.
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(M) where the total in 1988 was 3,289 birds
compared with 830 birds in 1989.

Goosander was recorded on ground cov-
ered inland sites in midwinter in numbers up
to 3,357 birds and in the other seasons in
numbers up to 2,300 birds. The proportion
of Goosander in coastal and inland freshwa-
ter sites in winter 1989 was 43%.

Internationally important numbers of
>1,500 individuals,(Rose & Scott 1994)
were recorded in winter and spring at Gavng
and Dybse Fjorde (Mb) and in spring in
both the inner and central parts of Roskilde
Fjord (RD).

Dispersion

Though the total numbers in winter varied
considerably, the dispersion (measured by
the number of counting areas supporting
this species) remained the same in all three
winters (App. XXVIII). The birds occurred
in more sheltered areas than Red-breasted
Merganser.

General comments

The small numbers in autumn 1987 and
spring 1989 were probably caused by the
surveys being conducted before the birds
had arrived in the Danish waters (1987) and
after they had left them again (1989).

Up to 14% of the northwest European
winter population estimated at 150,000
birds by Rose & Scott (1994) was recorded
during the 1987-1989 study.

Seasonal and geographical variations

The reason for the large annual variations in
distribution is most likely the changing
feeding conditions of the species due to
varying ice conditions and movements of
the food items (i.e. fish).

The higher numbers in the severe winter
of 1987 compared with the mild winters
were probably caused by migration to coast-
al Danish waters from both Danish inland
sites and wintering sites north of Denmark

where extensive ice had made the feeding
conditions difficult or even impossible. This
was probably also the reason why compara-
tively few birds were recorded in Limfjord-
en during the survey in the severe winter of
1987.

Comparison with the results of the sur-
veys in 1968-1973

During the November surveys, 861 birds
were recorded in 1968 and 2,382 birds in
1969, both figures lying within the highly
variable autumn numbers recorded during
the 1987-1989 study.

During the 1968-1973 winter surveys, the
numbers varied from 18,833 to 26,020
birds. The average was 21,465 birds com-
pared with an average number of 14,310
birds during the 1987-1989 surveys. During
both studies, the numbers were highest in
severe winters and it is possible that the
decreasing trend in numbers from 1968-73
to 1987-89 was merely caused by very mild
winters in 1988 and 1989.

In the 1968-1973 surveys, the majority of
the birds was recorded in winter in Lim-
fjorden (C), western Jylland (B), southwest-
ern Kattegat (F) and the southeastern sec-
tion (O) but the annual variations were large
and 11 sections each held more than 5% of
the birds during at least one of the four sur-
veys.

Although Dybbro (1978) states that the
main migration period is October/Novem-
ber, the results from 1968-1973 and from
1987-1989 indicated that only a small part
of the Danish winter population had reached
the Danish waters by the end of November.

The northwest European population is
believed to be increasing (Riiger et al.
1986), but this was not reflected in the Dan-
ish winter population, which has been vary-
ing.
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Coot Fulica atra

Total numbers

The totals varied between 8,934 birds in late
summer and 153,017 birds in autumn show-
ing large increases in all seasons except
spring during the study period (App. XXIX).
A decrease was observed in average num-
bers from 96,475 birds in autumn to 49,194
birds in winter and 19,933 birds in spring.

Geographical distribution

In late summer (Fig. 44a-c), most birds were
recorded in Limfjorden (section C) and
western Jylland (B).

During autumn, winter and spring (Fig.
44d-j), seven sections each held on average
more than 10% of the totals during at least
one season; within the two eastern sections
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Fig. 44. Distribution and numbers of Coot in Danish waters during late summer 1987 (a), 1988 (b), 1989 (c),
autumn 1987 (d), 1988 (e), winter 1987 (), 1988 (g), 1989 (h) and spring 1988 (i), 1989 (j), based on results

obtained from aerial surveys,
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O and R, more than 10% of the totals were
recorded in all seasons.

Only small differences in bird distribu-
tion occurred between the severe winter of
1987 and the mild winters.

Numbers in geographical sections

A decrease in numbers from autumn to win-
ter was general for all areas except southern
Kattegat (F and S). The average total num-
bers decreased by 37% from 96,745 birds in
autumn to 60,673 birds in the subsequent
winter (does not include 1987).

The decrease in numbers from winter to
spring was observed in the central, southern
and eastern sections (E, J, K, M, N, O, R and
S) with the average numbers decreasing
from 43,796 birds to 14,535. In the western
and northern sections (B, C and E), almost
equal numbers (5,017 birds in winter and
5,398 birds in spring) were recorded.

Coot was recorded at ground covered
inland sites in winter in numbers up to 5,923
birds and in the other seasons in numbers up
to 5,050 birds. The proportion of Coot in
coastal and inland freshwater sites in winter
1989 was 14%.

Internationally important numbers of
>15,000 birds (Rose & Scott 1994) were not
recorded.

Dispersion

Despite the large seasonal variations in
numbers, Coot was rather similarly distrib-
uted in all seasons (App. XXIX).

General comments
The comparatively low numbers recorded in
late summer 1987 could probably be ascri-
bed to insufficient coverage, whereas the
comparatively small totals of autumn 1987
and spring 1989 may be ascribed to the tim-
ing of the surveys. Thus, the autumn survey
was conducted before the majority of the
Coot had arrived in Danish waters, and the
spring survey after the majority of the Coot
had left the Danish marine waters for the
breeding grounds.

Dybbro (1978) stated the autumn migra-
tion period to be September/October, al-
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though Joensen (1974) had recorded the
highest numbers of Coot in November. The
large numbers in autumn 1988 indicated
that considerable migration movement is
going on in November.

Up to 11% of the winter population in
northwestern Europe estimated at 1.5 mil-
lion birds (Rose & Scott 1994) was recorded
during the 1987-1989 study.

Seasonal and geographical variations

The numbers of Coot in southern Sweden
were reduced in severe winters (Nilsson
1984) probably mainly due to high mortality
as the effect was maintained in the follow-
ing winters. In addition, reductions have
been found in the breeding population in
Denmark after a severe winter (Braae &
Laursen 1980). As the 1987 winter survey
was performed during severe weather, and
as the two previous winters were severe, t00,
the numbers recorded then were believed to
represent a very low population level of
Coot. Thus, the increase in numbers in win-
ter during the study period most likely re-
flected a recovery of the population after
three severe winters. The surveys in winter
1988 and 1989 might have been performed
in the beginning of the spring migration
period (Dybbro 1978) and therefore in a
period of increasing numbers of birds in the
Danish waters. This could have contributed
to the interpretation of an increase in the
population.

Comparison with the results of
surveys in 1968-1973

In autumn 1968 and 1969, 252,425 and
176,859 birds, respectively, were recorded
which was far more than during the 1987-
1989 surveys. The low population level due
to high mortality in severe winters before
and during this study is considered to be the
main reason for this difference. The geo-
graphical distribution resembled that of the
surveys of 1987-1989, and the difference
between the two studies were in fact smaller
than the year to year variations in the latter
study.
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During the winter surveys of 1969-1973,
numbers recorded ranged from 73,626 birds
in 1971 to 168,007 birds in 1969. The num-
bers decreased from an average of 216,142
birds in autumn to 158,882 birds in winter
(26%) similar to the pattern of the 1987-
1989 study.

The winter of 1970 was severe, causing a
reduction in numbers, e.g. 168,007 birds in
1969 was followed by an average of 111,457
during 1970-1973 with the lowest numbers
in the winter that followed the severe winter.
The average of all four surveys was 125,595
birds compared with 49,194 birds during the
1987-1989 study. Most of the differences in
geographical distribution between the two
studies were small and fell within the yearly

Great Skua Stercorarius skua

Total numbers

Five ship transect surveys covered the entire
range of the species within Danish waters
with estimates in late summer of 11,000-
13,000 birds and in autumn of 0-1,200 birds
(App. XXX).

No birds were recorded during winter
and spring in the study area.

Geographical distribution

The majority of the birds was recorded at
the Norwegian Trench in the North Sea. In
Kattegat, the Straits and the Baltic Sea,
Great Skua was rare (Fig. 45).

Numbers in geographical sections
During the late summer surveys when num-
bers peaked, 64-78% of the birds was
recorded in the Norwegian Trench. In Sep-
tember, numbers were much lower, while in
October/November the birds had abandoned
this area. In this season, some birds
remained in the southern part of the Danish
sector of the North Sea.

Internationally important numbers (>470
birds (from Tasker et al. 1985, 1987, Lloyd
et al. 1991) were not recorded in any of the

variations in the latter study; but in Smé-
landshavet (M), a decline was observed
from 29.4% of the total in the 1968-1973
study to 12.9% in the 1987-1989 and in sec-
tion R, an increase from 6.4% to 16.3%.

There is no doubt that the numbers of
Coot in Danish waters have actually de-
creased from 1968-1973 to 1987-1989, but
as the numbers fluctuate widely, it is not
possible to decide whether this decrease re-
flects a long-term decline in Coot or merely
population levels influenced by the severity
of the winters in the two periods that were
compared. The annual indices for north-
western Europe have been rather stable in
the period (Monval & Pirot 1989).

counting areas, but a significant part of the
population was recorded along the Norwe-
gian Trench in July-September.

Dispersion

Great Skuas were very dispersed in the
North Sea, and were predominantly record-
ed as solitary individuals or in small groups.
The birds were often observed near trawlers.

General comments

Due to the attraction of this species to the
survey ships, the total estimates presented
here are likely to be over-estimates.

The occurrence in the eastern parts of the
North Sea was most certainly consisting of
non-breeding birds (Tasker et al. 1987), and
this idea is further supported by the pre-
dominance of immatures among recoveries
from south Scandinavian waters (Thomson
1966).

Given an estimation of 40,000-54,000
birds in northern Europe (from Tasker et al.
1985, 1987, Lloyd et al. 1991), 24-33% was
recorded in the area surveyed during the
study.
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Fig. 45. Distribution and density of Great Skua in Danish waters during late
summer 1987 (a) and autumn 1987 (b), based on results obtained from ship

surveys.

Seasonal and geographic variations
Rasmussen (1981) found a migration peak that this peak did not reflect the abundance

in September/October for Great Skua occur-  of the species in the North Sea. The results
ring in southern Scandinavia, but suggested  from this study supported this suggestion.
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Numbers and Distribution of Waterbirds in Denmark 1987-1989

Little Gull Larus minutus

Total numbers

Four transect surveys covered regions which
were expected to be important for this spe-
cies with estimates in winter from no birds
in the severe winter of 1987 to 1,200 birds

in the mild winter of 1988 and in spring of
4,000-13,500 birds (App. XXXI).

Surveys of the Baltic Sea were not per-
formed in autumn, at which time the birds
were recorded in numbers up to 3,100 in the

a)
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1.0-1.99

>= 2.00

b)
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