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Goldeneyes in the Swedish west coast archipelago was studied 1962-1972. Abundance and
composition of available food were found to regulate the sclection of feeding grounds. As a
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Introduction

Since 1962 investigations have been performed
on the Swedish west coast in order to map re-
gional, local, seasonal, and annual fluctuations
in the occurrence of the Goldeneye Bucephala
clangula (L.). Previous results (Pehrsson 1975)

indicate that the birds select different types of

feeding habitats during different seasons, but
there are clear indications of changes between
different years in the utilization of some im-
portant feeding habitats in the same season.
Published investigations of the food composi-
tion in foraging Goldeneyes, newly revised by
Bauer & Blotzheim (1969), show that food
selection varies considerably in different environ-
ments and during different seasons. Bottom ana-
lyses of feeding grounds have been performed
(Nilsson 1969, 1970 & 1972) which show seasonal
variations in food abundance. Long-term bottom
analyses demonstrated that bottom invertebrates
exploited as fish food may fluctuate and regulate
the abundance of fish (Jensen 1919, Blegvad
1928 & 1951). As many of these invertebrates are
also consumed by diving ducks such as the
Goldeneye, the abundance of these food animals

may even regulate the numbers of resting and
wintering ducks in an area.

The objectives of this investigation were to
analyse the factors behind (a) habitat selection
and (b) habitat utilization — especially the im-
portance of (1) food abundance, (2) food com-
position, (3} food preference and (4) food
availability. .

A great number of wildfowl are concentrated
on Danish and adjacent walters ol southern and
western Sweden during winter (Atkinson-Willes
1974). This means that the Goldeneye has to
share potential food resources together with
numerous diving ducks belonging to several
species. In a similar situation Stott & Olson
(1973, p. 1003) observed that diving ducks were
selectively feeding on different sizes of mussels,
and in this paper the possible presence of (5)
interspecific competition in Scandinavian winter
quarters i1s discussed.

It would have been desirable to check the
benthic communities and the food eaten by the
Goldeneyes just when they visited feeding
grounds. This could, however, not always be
practically accomplished because of technical and
climatic difficulties. Benthic investigations had
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Fig. {. The investigation arca on the Swedish west coast
with different investigation localitics. Nis is the compara-
tive Mytilus samrpling station in the Baltic (Table 111).

often to be restricted to surveys, not always
coinciding in time with the observations of
feeding ducks and with the collection of ducks for
food analysis. In spite of this, I consider that the
investigations provide enough information about
the dominant food organisms to allow the prob-
lems set out above to be analysed with reasonable
dccuracy.

Study area

The food and feeding investigations were per-
formed in a number of localities (Fig. 1) in a
part of the total investigation area on the Swedish
wesl coast (Pehrsson 1975). The zones III-V
comprise the southern half of the province of
Bohusliin, Most localities in zone V arc in-
fluenced by the fresh water outflow from the
rivers Goéta Alv and Nordre Alv. Some localities
in zones [11 and 1V are more influenced by regular
tide currents inside the big islands. During
autumn and spring migration, localities in zones
IV and V are more frequented by Goldeneycs
than other parts of the coast, because a migration
corridor traverses the coast in this region (Pchrs-
son 1975).

Material and methods

The methods used to study the problems listed
above were: (1) to establish the distribution and
numbers of feeding birds, (2) to investigate the
bottom wvegetation and fauna in the feeding
areas, and (3) to analyse the contents ol the
oesophagus and gizzards of birds.

Couting of birds and mapping of feeding areas

Since the autumn of 1965 regular counts of
moulting, migrating. and winlering Goldeneyes
have been made along the greater part of the
Swedish west coast (Pehrsson 1975). Even carlier.
beginning in 1962, regular counts werc made in
some localities in zones 1V V. In a number of
localities in zones [V-V, the feeding areas of the
birds were mapped parallel with the counts. The
position of the Nocks of feeding birds was esta-
blished by the use of sight lines from two or more
fixed points.



Bottom analysis of feeding grounds

The distribution of vegetation communities in the
feeding areas was mapped through surveying it
with a water ficld glass, The benthic fauna of
assumed potential importance for diving ducks in
different types of feeding grounds was quantita-
tively sampled with three types of grabs or bot-
tom samplers: the Petersen grab covering an
area of 0.1 m?, the Ekman grab covering 0.0264
m?® and a hand grab with a similar function
covering 0.0441 m?* and operational at a maxi-
mum depth of 4.5 m. A hand grab with this
function and similar construction is illustrated by
Muus (1967, p. 267), The hand grab is usable in
Zostera vegetation and is not, as is the Ekman
grab, dependent on the current in a river mouth.
In the turbid Nordre Alv estuary, information
about the structure of the invisible bettom com-
munities was obtained through bottom sampies
taken at 113 sampling stations in the summer of
1966 (15 July-12 Aug.) covering most of the
feeding grounds so far used by Goldeneyes (Fig.
12). The samples were taken with the hand grab
down to about 4.5 m. On deeper grounds further
westwards, the Ekman sampler was used at 13
stations. On vegetationless bottoms the Petersen
grab, the Ekman grab, and the hand grab are
supposed to be almost equivalent in quantitative
sampling regarding animals associated with the
bottom surface, i.e. species of importance as
food for diving ducks. The bottom samples were
put through a 1 mm sieve in the field, and the
animals, together with some detritus and sedi-
ments, were preserved in 1 part of 409, formalin
to 10 parts of seawater until laboratory sorting
could be performed. The sorted animals were
placed in 70 %, alcohol, after which the wet weight
was ascertained.

Qualitative samples of Myrifus edulis were
taken with a dredge in the inner archipelago, but
in the outer archipelago, where the mussels are
very strongly atfached to the rock because of the
strong action of the sea, Mytilus sampling cannot
be performed with a dredge. Instead, the mussels
must be detached with a knife by hand or by the
aid of the hand grab or a shovel provided with a
net. The mussels were then sorted into size
groups.

Cesophagus and gizzard analysis

Analysis was made of the food contents of the
gizzard and of the lower part of the oesophagus
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of Goldeneyes. Most of the investigated viscera
had been obtained from hunters. A few birds
were accidently drowned in fishing nets and ob-
tained from fishermen.

Goldeneyes are usually shet with the aid of
decoy ducks, Ducks shot in this way are generally
searching for suitable feeding grounds and are
then attracted by the decoys, but unfortunately,
they are not allowed to feed for a period of time
before they are shot. This means that the birds
shot often had little food left in the upper part of
the digestive tract, and the amount of soft bodied
animals consumed could easily be underesti-
mated or totally overlooked (cf. Koersveld 1950,
Swanson & Bartonek 1970} Consequently, the
volume ratios are of less interest, but the fre-
quency of more hard bodied food items gives
information about the type of feeding stations
visited, and when synchronous bottom investiga-
tions are performed on the feeding grounds,
comparison can be made with the abundance of
available food in the feeding stations visited by
the birds.

Results

Description of the main feeding grounds

Most Goldeneyes appear in the inner parts of
the archipelago. Only during winter conditions,
when ice cover is wide-spread, do the birds retire
to some cxtent to the outer archipelago if they
do not migrate (Pehrsson 1975). The chief types
of feeding grounds in the inner archipelago are:
(1) Zostera marinag meadows, (2) Ruppia and
Chara meadows, (3) Mytilus grounds and (4)
estuaries. Occasionally other types of feeding
grounds are used in the inner, as well as the outer
(cf. p. 105) archipelago, but they are not treated in
this investigation.

ZLostera naring meadows

The Eelgrass vegetation, Zostera marina, was
found in sheltered areas from about 0.5 to at
least 4 metres depth (cf. Figs. 2-3). In the Zostera
meadows a number of seaweeds occur, among
which Fucus spp. and Chorda filum can be more
domtnant. In the Sundsby area, 1V: 5 (cf. Fig. 1),
Sago pondweed Poramogeton pectinatus has oc-
curred in the Zostera meadows, and in Loc. V: §
the Zostera vegetation is totally replaced by
Potamogeton above 1.5 m. In Loc, V: 8, which
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— Zostera marina meadows
AN Potamogeton pectinatus
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Fig. 2. Sub-aquatic meadows and sampling stations in
Locality 1V: 5.

is strongly influenced by water pollution, the
vegetation is dominated by Sea lettuce Ulva
lactuca and Enteromorpha.

The Zostera meadows produce both vegetable
and animal waterfowl food. Bottom sampling in
Kalvofjorden, IV: 7 (Fig. 3), has shown a vegeta-
tion density with a mean value of 318 £ SE 37
buds per m* and a maximum of 770 vegetative
buds per m?. Fertile plants are long, branched
and slender, and are found to develop up to 34
fruit buds, each of which can produce 10-12
seeds. Under favourable conditions an average
Zostera plant can thus produce 400 seeds or more
during one season. Since 1966, very few fertile
plants seem to have developed, as compared with
the preceding years, but this is only a general
impression from visual observations, because no
quantitative samples have been taken.

Mollusks constitute the dominant part of the
invertebrate macrofauna in the Zostera vegeta-
tion (cf. Tables I & II). Rissoa membranacea
and Biftium reticulatum are the dominating
species. The former has the most even distribu-

= Zostera marina meadows

[I1ll Ruppia spp., Zostera nana, Lamprothamnium
--- Upper limit of Zostera marina

e Bottom sampling station

Fig. 3. Sub-aquatic meadows and sampling stations in
Locality IV: 7.

tion, whereas the latter can appear locally in
enormous numbers. Rissoa albella and Hydrobia
ulvae are two other locally numerous species.
The Rissoa species are bound chiefly to the Eel-
grass plants, while Bittium reticulatum is also
found in large clusters on Chorda filum, and
Hydrobia ulvae is common on other seaweeds.

There are great seasonal variations in the
biomass of the Zostera meadows. The quantity
of green Zostera is up to ten times greater in
autumn than in spring (Petersen 1914). Even most
invertebrates are more abundant in autumn.
Animals in the littoral region are subjected to a
heavy mortality particularly after severe winters.
Most affected are species such as Mytilus edulis,
which are unable to escape the ice by burrowing
in the bottom substrate or by migrating into
deeper water (Blegvad 1929). Thus bottom in-
vestigations in spring are not representative of
autumn conditions, even in the winter 1964/65
which was mild.

Some crustaceans bound to Zostera vegetation
and shallower bottoms have marked maxima in
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Table I. Occurrence of mollusks in benthic samples from three different types of feeding grounds in the Sundsby area,
{loc. 1V: 5) (cf. Fig. 2): (1) Ruppia and Chara meadows, 4 samples with hand grab above 0.5 m, 11 Nov. 1965, (2)
Zostera marina meadows, 10 samples with Petersen grab on 5 sampling stations between 3 and 6 m, 24 March 1965,
and (3) mud, 6 samples with Petersen grab on 3 sampling stations below 6 m, 24 March 1965

Ruppia and Chara Zostera marina Mud
Fre- Mean Maxi- Fre- Mean Maxi- Fre- Mean Maxi-
quency number mum quency number mum quency  number  mum
in e /m2 number in Y, Im2 aumber  in Y, fm2 nuim-
/m2 /m?2 ber
jm?
Hydrobia ventrosa 100 3,344 9.591 - - - - -
Littorina saxatilis 100 538 1.020 - - -
Cardium glaucum 100 335 658 - -
Mya arenaria 75 45 S0 -
Mytilus edulis 50 34 113 10 1 10 -
Acera bullata 25 23 90 20 3 20 25 8 30
Rissoa membranacea 50 91 240 100 371 890 67 52 220
Bittivm reticwlatinn 25 40 158 100 1.694 3.010 50 58 230
Rissoa albella 25 13 45 90 167 360 83 3 630
Hydrobia ulvae - - - 70 46 130 25 8 30
Macoma baltica - 40 10 50 :
Hinia reticulata 40 5 20
Littorina littorea 10 1 10
Modiolus modiolus - - 10 1 10 -
Lepidochiton cinereus - 10 1 10 - - -
Onoba semicosrara - - - 10 | 10 - - -
Corbula gibba 20 4 30 17 12 70
Abra alba 30 50 310 100 505 1.480
Cultellus pellucidus 10 1 10 83 157 640
Philline aperta - - - 67 12 3
Cardium faschiatum - 17 2 10
Venus gallina - - - 17 2 10

autumn (Muus 1967). With decreasing surface
temperature, prawns Leander and Crangon, like
the Shore Crab Carcinus maenas, migrate into
deeper and warmer water or become inactive,
burrowed in the bottom substratum. This may
signify a marked decrease, beginning in October.
Idothea viridis was found in greatest numbers in
Danish estuaries from July until December with
up to 3,800 ind./m? in September and 1,000
ind./m? in November.

The polychaetes are bound to the bottom and
may thus be approachable by feeding birds only
with difficulty through dense vegetation. This is
still more evident concerning the numerous
Chironomidae larvae, dwelling among the root
stocks of Zostera plants. Mollusks and crusta-
ceans bound to the leaves of the Eelgrass plants
are more easily available. In the lower parts of the
Zostera belt and in the mud in deeper parts
Cultellus pellucidus is found which is an important
diet component of fish.

Ruppia and Chara meadows

In shallow waters above the upper limit of the
Zostera meadows, that 1s from about 0.5 m
below the mean water-level and upwards {cf.
Figs. 2-3), a special type of feeding ground
is distinguishable, the Ruppia and Chara mea-
dows. This part of the littoral region is named
after those macrophytes which are most im-
portant as waterfowl food. Two species of wigeon-
grass occur, Ruppia spiralis 1. and Ruppia
maritima L. The latter species grows along with
the subspecies Ruppia maritima var. brachypus
Gay. Muskgrass, Characeae, is represented by
Lamprothamnium papulosum (Wallr.) J. Groves
(Syn. Chara wallrothii, det. 8. Pekkari). Ruppia,
as well as Characeae, are found down to a depth
of about two metres, though most widespread
and dense meadows of both grow above 0.5 m.

The mollusk fauna in the shallow feeding
grounds above 0.5 m is different with reference to
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Table 1l. Bottom invertebrates from 21 benthic samples (handgrab) in Kalvi-
fjorden (loc. 1V: 7) in April 1965. Comparison is made with the frequency of their
utilization by foraging Goldeneyes in the area in 1965 and 1966 (cf. Table VII)

Bottom invertebrates Food
Frequency Mecan Maximum Frequency
in 4 number/m?  number/m2 in ¢,
(n=21) (=49}
Mollusca 100 78
Rissoa membranacea 100 389 1,156 31
Bittinm reticulatum 76 1058 11,178 49
Rissoa albella 57 166 1,791 14
Hydrobia ulvae 48 127 1,337 16
Acera bullara 338 17 113
Macoma baltica 33 40 294
Littorina obtusata 33 17 90 2
Lepidochiton cinerens 33 14 113
Onoba semicostata 19 41 612 4
Nycella bidentata 19 14 226
Myra arenaria 19 7 90
Musculus discors 19 5 45
Cardium glaucum 14 4 45
Myriluy edulis 14 3 22 2
Hydrobia ventrosa 14 3 22 12
Abra alba 10 14 249
Litiorina littorea 3 2 45 4
Hinia reticulata 5 1 22 2
Littorina saxatilis 5 1 22 2
Corbula gibba 5 | 22
Tapes corrugata 5 [ 22
Onoba vitrea 5 1 22
Insecta 81
Chironomidac, larvae 81 290 1,836
Polychaeta 76 75 272
Crustacea 67 16
Idothea sp. 52 35 204 2
Gammarus sp. 33 14 68 2
Carcinus maenas 5 1 23 2

dom inant species from the Zostera meadows. The
three dominating species in the Sundsby area
(Table 1), Hydrobia ventrosa, Littorina saxatilis
f. tenebrosa, and the small Cardium glaucum,
are bound to the vegetation. They occupy the
same type of habitat in Ruppia and Chara
meadows, just as Bittium and Rissoa spp. do
in the Zostera meadows. This may be seen as a
result of the ice cover, which, chiefly in ice
winters, wipes out particularly the Littorina and
Cardium populations in the eulittoral (Blegvad
1929, Muus 1967).

Mytilus grounds

The Common Mussel, Mytilus edulis, form dense
beds on stony or muddy bottoms, where water

is more or less in perpetual movement, providing
the mollusks with planktonic and detritus food.
Depending on the way the water is put into move-
ment, the Myrilus grounds along the coast can
be divided into three types (c¢f. Fig. 1 and Tabie
11T): (1) Inside and outside the estuaries of the
Gota Alv and Nordre Alv, Mytilus grounds are
influenced by currents of both inflowing saline
water and outflowing fresh water and mixing
currents with brackish water. (2) Inside and
between bigger islands and in the mouth of
fjords the tidal amplitude of the sea, though
small (spring tide up to 35 cm) as compared with
Atlantic shores, together with changes in baro-
metric pressure, originate regular currents, which
in special topographically favourable localities
both provide the AMyrilus beds with abundant
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Table ITF. Growth and distribution (in %) of size groups in Cemmon Mussels, My#ilus edulis, from different localities
and seasons. The size of mussels preferred by Goldeneyes (5-15 mm) is marked according to Table VI and Madscn
(1954), and by Common Eiders (30 40 mm) according to Madsen (1954)

Different types of water turbulence

Estuarine Sea swell
Tidal

Sampling Vitskar Ostindic- Instod Halse Hallo Hallo Niis
station badarna rinna fjord
Locality V:8 V6 V4 IvV: 3 Zone 111 Zone 111 Gotland
Date 15 June 21 June 30 June 19 June 6 Aug. 8 March 12 Aug.

1971 1971 1571 1971 1968 1971 1971
n 3,083 1,754 1.655 510 18.127 9,992 1.631
Size group Distribution in %,
in mm

0-5 38 2.1 0.5 - 24.8 39.3 0.5
5-10 J25.1 13.7 2.8 0.6 (302 L ]234 Jr7

10-15 00-T135.0 38'4{24.7 ! "9%9.1 IMas  MNae o T 1% sk
15-20 23.5 28.3 238 8.0 10.9 13.5 26.3
20-25 9.6 17.3 20.7 12.9 4.4 7.8 0.1
25-30 2.1 8.3 8.6 16.5 2.3 1.5 0.7
30-35 0.5 3.4 14.7 J 17.3 1.7 0.2
35-40 0'6{0.1 4'2{()48 75128 001129 2 "{09 0'3{0 I {
40-45 0.2 0.4 1.9 5.7 0.6 0.0 -
45-50 0.1 0.1 4.3 1.6 0.3 0.0 -
50-55 0.0 6.6 2.9 0.1 - -
55-60 - 0.1 6.6 1.8 -
60 65 0.1 5.3 2.0 -
65-70 - - 2.0 2.5 -
70-75 - 0.1 0.5 39 - -
75-80 - 0.5 0.1 4.3
80-85 - 4.1 - - -
8590 - 0.1 0.8 -
90-95 - 0.1 - 0.4

Mean length of opne year old mussels, settled in the

summer ot 1970
n 3,072 1,738 1,237 360
Size (mm) 3.4 17.1 19.8 28.3

Mean length of the total population
Size (mm) 13.6 17.6 30.2 8.7 10.7 9.2 14.1

food and delay the ice cover over these grounds,
thus creating possibilities for diving ducks to
remain and forage in the area after the feeding
grounds in the Ruppia and Zostera meadows are
shut off by ice. {3) In the outer archipelago, the
submerged outermost skerries and shores are
subjected to sea currents and, foremost, to an
almost perpetual water turbulence caused by the

7 -—Qrnis Scand. 1/76

swell from the sea, creating suitable conditions
for dense Myrilus beds from the mean water
level down to one or two metres.

The growth rate and the size of the mussels on
the different types of Mytilus grounds are known
to be dependent on at least three factors: the
salinity, the nutritional content per volume unit
of the water, and the rate of water turbulence
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Feeding stations of Bucephala clangula Aug.-Nov. 1965

Feeding stations of Bucephala clangula Oct.-Dec. 1966

Figs. 4-5. The utilization of different feeding grounds by Goldeneyes in 1965 and 1966 in Locality 1V: 7. For explana-

tion of utilization see Figs. 6-11.

during a year. As is seen in Table I1I, the growth
rate as represented by the mean length of approxi-
mately one-year-old mussels could be twice as
rapid in tidal currents (Halsefjord) as in estuarine
currents (Vitskir).

In Table T west coast mussels are compared
with mussels from the Baltic (Nis on southern
Gotland), which were collected in the sea wrack
washed ashore. Among the Baltic mussels, at
least three generations were represented, and the
growth rate of these mussels is thus still slower
than in a west coast estuary.

In the Mytilus grounds on the outermost sub-
merged skerries on the west coast (cf. Hallo in
Table I1I) there seems to be a higher percentage
of small mussels during the year than in the other
types of Mytilus grounds, probably as a conse-
quence of denser and sometimes repeated settle-
ment of new individuals during a season in com-
bination with more marked competition for food
when the mussels become larger (cf. Seed 1969).
Because of heavy predation from Starfish Asterias
rubens, Dogwhelks Thais lapillus, and Common
Eider Somateria mollissima, there will often be
bare rocks for new settlement, and the mussels
in this environment do not have the same possi-
bilities to grow old as they would in the inner

archipelago where the lower salinity may keep
out the first two of these predators.

Kolthoff (1896) states that Goldeneyes readily
stay in such shallow bays, where Mytilus edulis
is common, and that juvenile Common Mussels
make up a popular dish for them. Beginning in
December and even more often in January in
certain years, Goldeneyes are found to feed in
Mytilus grounds in the inner archipelago, where
regular currents have delayed formation of ice.

Estuaries

The estuaries formed by the mouths of the Gota
Alv (V: 8-9) and nowadays above all, of the
Nordre Alv (V: 6), have well frequented feeding
grounds from December to April (Pehrsson
1975). The estuary formed by the Nordre Alv
widens slowly from the narrow mouth. This
permits abundant sedimentation on an even and
slowly descending bottom, which, in the inner
part, is composed of mud and in the outer parts
of sand. In spring the most frequented feeding
grounds are situated at depths of two to four
metres in a zone about one and a half km in
breadth across the river mouth (Figs. 6-11).
However, feeding Goldeneyes are observed even






