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Introduction

The Goldeneye (Bucephala clangula) is a
non-breeding visitor to Denmark through-
out the year. Moulting birds have been
recorded in many areas in summer, most-
ly in fresh- and brackish-water habitats,
and during 1966-72 the annual total
Danish moulting population was estimated
to be at least 12-14,000 birds (JEPSEN &
Joensen 1973). The greatest concentrations
moult in the Limfjord region, where Hjar-
beek Fjord is the most important area. The
occurrence of this species and the sequence
of its moult in that area have been pre-
viously described by Jepsen (1973).

The moulting period of the whole po-
pulation extends from late July until early
October, culminating in the first half of
August. For different categories, the moult
sequence during this period is as follows:
1 - juvenile males late June-late August,
2 — adult males early July-mid-Septem-
ber, 3 — juvenile females and possibly
non-breeding females mid-July-late Sep-
tember, and 4 — adult females early Au-
gust-mid-October (Jepsen 1973).

The present paper concerns the local
distribution of Goldeneye in Hjarbaek
Fjord, and its food preference during the
wing-feather moult. It is based on an
analysis of the stomach contents of 119
individuals caught and drowned accident-
ally in fishing gear. The quantitative and
qualitative composition of the diet in re-
lation to the food resources available is
also considered, on the basis of benthic
fauna samples collected in August—Sep-

tember in 1968 and 1971. The Danish
Institute for Fishery and Marine Research
very kindly provided data concerning
trawl samples collected in Hjarbaek Fjord
in 1969, 1970, 1972 and 1973.

The author is indebted to several people

for help with this investigation. Mr. CARLO

F. Jensen and Cand. scient. Hans HEeme-
MANN Lassen, both of the Zoological In-
stitute, Arhus University, determined the
contents of benthic samples from 1968
and 1971 respectively. Mr. OLE Preuss,
Mr. Jepre EBDRUP, and Miss Isa and Mr.
Ascer Unp Jepsen all helped to sort and
count items in benthic samples and
stomach contents. Cand. scient. GRETHE
JorgenseN determined seeds and other
vegetative matter from stomach contents.
While fish and invertebrates in stomach
contents were determined by the author,
the identifications were confirmed by
Cand. scient. Gorm Rasmussen for fish,
and Dr. Jon FreLpsA for invertebrates. To
the latter, special thanks are due for criti-
cal reading of the manuscript. Dr. OLE
BacGe of The Danish Institute for Fish-
ery and Marine Research kindly provided
data on fish populations in Hjarbeek Fjord,
and Mr. SIGVALD J@RGENSEN, a fisherman
at Hjarbzk Fjord, is to be thanked for
assistance with fieldwork in the study
area. The manuscript was translated into
English by Dr. Rosert Russer, and the
Russian summary was translated by M.
AxeL MORTENSEN.
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Material and methods

THE STUDY AREA

Hjarbaek Fjord (56° 32" N, 09° 14’ E) is
a fiord arm of the south-easterly part of
the Limfjord. The area, including a 100 m
wide margin along its coast, was made
a game reserve in 1967. Regulations for
the reserve include prohibition of water-
fowl-shooting and a speed limit of 8 knots
while sailing with motorpropelled craft.
The area of the fiord is approximately
24 km?; the deepest section of the fiord
is 5-7 m, while the major part is shallow
(Fig. 1). In the deeper central part the
bottom consists of sand or sand mixed
with clay, and no macrophytes are found
here (Muus 1967). In the shallow areas,
the bottom consists of sand or sand mixed
with clay and stones. Off the outlets of
streams, and especially in Kvols Vig and
certain places in the deeper part of the
fiord, there are deposits of detritus which
vary in depth, of up to 50 cm.

In 1966, Hjarbzk Fjord was separated

off from the rest of the Limfjord by a

road-bearing dam at Virksund. The sluices
allow excess water from Hjarbek Fjord
to pass out, but close automatically
against the inflow of water from the
north. As a result, the average surface
salinity of the water fell from between 14
and 19 %o in northern parts of the fiord
and from between 7 and 13 %¢¢ in east-
ern parts (as measured before establish-
ment of the dam (Muus 1967)) to approx-
imately 0.7 %0 on average for the whole
fiord in October 1969, 0.4 %o in Octo-
ber 1972, and 0.6 %o in October 1974.
The change from a mesohaline to a fresh-
water habitat has brought about marked
changes in the marginal and benthic
vegetation and in the invertebrate fauna.
Changes in the distribution of the benthic
vegetation and its species composition
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from 1967 to 1969 have been described
by Jepsen (1970).

In the shallow areas along the western
coast of the fiord, the dominant vegetation
is now Ruppia spp., and Potamogeton
pectinatus is common in the eastern part
of the fiord. In and off stream outlets
are rich growths of Potamogeton spp.,
Elodea canadensis and Spirogyra spp.
Taller marginal vegetation is uncommon,
although it does occur in certain places,
especially in and off stream outlets. A
certain amount of overgrowth has occur-
red along most coastal stretches in recent
years, Scirpus tabernaemontani, Phragmi-
tes communis and several other plants
having spread further. Over many years,

Virksund

1~7 sus-areas
7~ .-l DEPTH CONTOURS

Fig. 1. Map of Hjarbzk Fjord showing depth
contours in metres and division into sub-areas.

Locality names mentioned in the text are in-
cluded.
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and particularly since the establishment
of the dam at Virksund in 1966, the fiord
has been subject to increasing eutrophica-
tion. The streams which empty into the
fiord drain approximately 1,200 km? of
agricultural land, and in this way the

INVESTIGATION OF

During the period of study, salinity
analyses were performed approximately
once each month from October 1967 un-
til the end of 1974, along with the gene-
ral studies on waterfowl. The analyses
were carried out as chloride titrations at
the Botanical Institute, Arhus University.

The quantitative and qualitative com-
position of the benthic fauna was studied
at 39 stations in August 1968 and Sep-
tember 1971. The position of the stations
was on a co-ordinate basis, such that they
could be found in the field using land-
marks and compass directions. Benthic
samples were collected using an Ekman-

BUCEPHALA

CLANGULA MAIN FORAGING

REA

MAIN RESTING
H AREA

FISH TRAPS

fiord gains mineral nutrients and large
amounts of plant material which originate
from the trimming of stream banks. In
late summer the transparency of the fiord
water is very low, at times being only a
few centimetres.

THE FIORD AREA

Birge dredge with an aperture of 225 cm?
and height 17 cm. Samples were sieved
through a 1.0 mm mesh plankton net and
preserved in a 4 %o formalin solution un-
til identification. Jon FjeLpsA informs
(pers. comm.) that some Chironomidae
larvae will pass through a plankton net
with mesh 1.0 mm. After this the samples
were transferred to 70 %6 alcohol, and
they are now stored permanently at the
Game Biology Station. In analysing the
samples, the macrofauna were removed
and their occurrence expressed as in-
dividuals/m2. However, the study only
provides an approximate idea of the com-
position of the benthic fauna and is by
no means representative, as for example
no net samples were taken in order
to identify the larger free-swimming
animals.

Fig. 2. Map of Hjarbzk Fjord showing the most
important foraging and resting areas of the
Goldeneye. The position of fish traps is also in-
dicated. The food preference of the Goldeneye
was only determined from specimens collected
in the area east of the heavy broken line.
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STUDIES OF THE MOULTING POPULATION OF GOLDENEYE

Data on the number of Goldeneye in
Hjarbzk Fjord have been collected since
April 1967 together with records of other
waterfowl, by counts performed 1-3 times
per month. Estimates of the sex- and age-
composition have been made based on
random samples of at least 10 %o and at
times up to 100 % of the Goldeneye
population since October 1969 (JepsEN
1973). During the moult period, the local
distribution of Goldeneye in the fiord was
recorded.

The fiord was divided into seven sub-
areas (Fig. 1). Population counts were
mainly carried out from the land, and
occasionally supplemented by counts from

aircraft. Methods, coverage, and the in-
fluence of weather conditions on the re-
sults have been described by Joensen
(1973 and 1974) and Jepsen (1973).

The feeding ecology of the species
during the wing-feather moult has not
previously been described, but several
studies exist concerning food preference
during the autumn, winter and spring in
both fresh-water and marine localities
(Mapsen 1954, Owney & Miis 1963,
Nisson 1972, and others). In addition
BenGTsoN (1971) has described the feed-
ing ecology of the Barrows Goldeneye
(Bucephala islandica) during the breeding
season.

COLLECTION AND ANALYSIS OF STOMACH CONTENTS

The food preference of Goldeneye during
the wing-feather moult is described on the
basis of material collected from 110 birds
in July, August and September during
1969-1973 (see Appendix 1). A total of
119 birds were collected, of which 9 had
empty stomachs. The birds were accident-
ally caught and drowned in fishing gear
positioned in the eastern part of Hjarbak
Fjord (Fig. 2). The Goldeneye collected
were more or less evenly distributed
amongst the six fish traps, and their
drowning in the traps was presumably
connected with the low transparency of
the water, as they were mainly caught
during periods of algal increase, especially
of green algae. In particular birds in full
moult were caught, probably due to their
reduced manoeuvrability underwater while
in this condition. In addition it is
especially the birds in full moult, com-
prising 60-70 ®o of the moulting po-
pulation (Jersen 1973), which seek their
food in the very shallow water where the
traps are situated. Apart from information

6

on food preference, the birds collected
provided data about body- and wing-
feather moult (Jersen 1973). It was dis-
covered that the drowned birds died while
foraging just before the traps were emp-
tied, as the birds were alarmed when a
boat approached; those that were in be-
tween the arms of the trap became con-
fused and were trapped in the enclosed
part of the gear. Thus in most cases the
stomach contents were quite fresh, and
only slightly subjected to digestion. This,
in addition, was confirmed by the fact that
only about 10-15 %o of the individuals
contained larger food particles, especially
of fish, in the muscular stomach. The
main occurrence of food items was in the
oesophagus and glandular stomach, which
greatly facilitated identification and
counting.

Immediately on removing the Golden-
eye from the fish traps they were labelled
with the date, placed in a plastic bag
and stored in a deep-freeze. The digestive
organs were later removed and while still




Feeding Ecology of Goldeneye

frozen transferred to a solution of 4%
formalin. After identification and count-
ing the samples were placed in 70 %o
alcohol and stored permanently at the
Game Biology Station. The importance of
immediate preservation of stomach con-
tents has been described by KoersverLp
(1950).

The total stomach contents and fish
were weighed wet, and the weight of
invertebrates subsequently calculated.
Single food items were not weighed, but
the percentage volume of each item was
determined from its wet volume in a
specimen tube.

Results
HABITAT SELECTION DURING THE MOULTING PERIOD

The moult migration of the Goldeneye to
Hjarbazk Fjord and other localities, and
the natural conditions at these localities,
have been described by Jepsen (1973). The
actual moult migration to the fiord area
begins in the latter half of May, the
numbers of Goldeneye culminating be-
tween mid-July and mid-August (Fig. 3).
Migration to the fiord is entirely over
water from the remainder of the Limfjord,
through the broads of Lovns Bredning
and the narrows of Virksund.

The northern and to some extent the
central section of Hjarbak Fjord are used
by the birds as a resting place after

Nomber
x
¢ ———e 1968
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.~ — .- 1970
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oo e 1972
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30 b
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Fig. 3. Numbers of Goldeneye at Hjarbzk Fjord,
May—September 1968 to 1974.

arrival, and gradually, as the moulting
period approaches, they disperse to the
south-western and eastern sections of the
fiord. During the flightless period be-
tween 40-60 %o of the population occur
in the eastern part of the fiord (Fig. 4).

Area

"

k
s

L

B - b
B b

MJJAS MJJAS MJJAS MJIJAS MJIJAS
1970 1971 1972 1973 1974
Fig. 4. The percentage distribution of Goldeneye
in areas 1-7 at Hjarbak Fjord (see Fig. 1) during
May—September 1970 to 1974.
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Goldeneye mainly forage during day-
light, when the birds are dispersed over
the area. The most important foraging
areas are indicated in Fig. 2, on which the
most commonly-used resting areas are
also shown. The gradual dispersal of the
Goldeneye to the south and east of the
fiord is connected with their preference to
forage in very shallow water during the
moult, such areas occurring mainly in
these regions of the fiord. The significance
of the availability of food is discussed
later (see page 12). The areas of occurrence
of the birds are not only related to the
availability of food, but are also influen-
ced by other factors, such as the degree
of disturbance by man. In addition, it is
possible to discern in Goldeneye a
tendency to seek sheltered coasts when

the wind increases. During the summer
months the prevailing wind direction is
from the south-west.

The moulting period of the Goldeneye
coincides with the peak period for leisure
sailing. The deeper section of the fiord
from Hjarbak to Virksund is sailed on by
larger yachts and cruisers, while in the
shallow areas, particularly in the northern
part of the fiord and in Kvols Vig where
landing-stages have been established next
to summer-house areas, smaller rowing-
and sailing-dinghies and motor-boats are
common. The degree of disturbance can
be so great that the birds are excluded for
longer periods from certain parts of the
fiord. The eastern shallow section and the
south-western area of the fiord are only
used for leisure sailing to a limited extent.

FEEDING ECOLOGY

Feeding behaviour

As previously mentioned, the majority of
the moulting population forage in shallow
water. The search for food usually occurs
as a series of dives, each dive being of
only a few seconds’ duration, and food is
swallowed underwater. Conditions in
Hjarbak Fjord did not facilitate detailed
observations of the feeding technique.
Jon Fjerps& informs (pers. comm.) that
Barrows Goldeneye often swim just above
the bottom with the bill in the mud and
hereby larvae of Chironomidae etc. are
caught by the lamellae of the bill. It is
likely that a similar technique is used by
the Goldeneye. While the Goldeneye are
in full moult their manoeuvrability under-
water is somewhat reduced, and this may
be the reason why some birds seek their
food around fixed fishing gear, where
there are often large numbers of trichop-
teran larvae attached to nets and under-
water ropes.

8

Foraging by grubbing in very shallow
water is a phenomenon which, for Golden-
eye in Hjarbzk Fjord, is only observed in
moulting birds. In winter feeding Golden-
eye prefer shoal waters of at most 6-7
metres’ depth (Nirsson 1969).

In the early hours of the morning, be-
fore human traffic on the fiord begins,
birds in full moult have also been observed
to forage in washed-up belts of plant
remains, consisting for instance of cut
vegetation which has been carried out
into the fiord by streams and later washed
ashore. The food items gained here are
presumably insects and molluscs, as plant
remains only comprise a decreasing part
of the diet during the moult, as is ex-
plained later.

Since 1973, an increasing number of
observations of a particular type of be-
haviour have been made both during and
outwith the moulting period, in which
Goldeneye and Black-headed Gull (Larus
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ridibundus) forage together in dense
tlocks. Such flocks move rapidly in
different directions, and the Goldeneye
show much diving activity; the food items
are thus on the move, and are most likely
to be fish. This foraging technique can
probably only be used when the water
has a high transparency, and it is only
observed when the surface is still.

Stomach contents

In all the available material, including the
9 stomachs without proper food items,
from 3 to over 40 smaller stones were
found, the average number being 15. The
stones were usually from 2-5 mm, al-
though in a few cases stones of up to
11 mm were found. No lead shot was
found in the stomach contents. Apart
from these actual gizzard stones, almost
all stomachs contained some sand particles
of less than 1 mm, which probably
originated from larval cases of Trichop-
tera.

A total of 11,858 individual animal
food items were recorded in the material
from 110 stomachs. In Fig. 5 are shown
(A) the composition by weight of fish
and invertebrates in the diet, (B) the
numbers of the various groups in the diet
expressed as a percentage, and (C) the
percentage volume occupied by each
group, all during the period 1969-1973.
In Table 1 the distribution of the food
items according to number, frequency and
percentage volume is listed (see also
Appendix 1).

From 1971 on, smaller fish of up to
10 cm in length such as Scardinius ery-
throphthalmus, Gasterosteus aculeatus,
Perca fluviatilis and Acerina cernua form
an increasing part of the diet. Fish only
occur in small numbers in relation to the
other categories of food, but in volume
they comprised 32 9o, 51 % and 72 %o
in 1971, 1972 and 1973 respectively. On

a weight basis fish comprised 22 9o and
38 9o of the animal food in 1970 and
1971, and 59 %o and 68 % in 1972 and
1973, respectively. The comparative
weights of fish and invertebrates for 1969
are not known, as stomach contents were
not weighed. Of a total of 73 fish found
in 56 stomachs, 42 were of the species
Acerina cernua.

Molluscs comprised only 1.6 %o of the
volume of total stomach contents, Potamo-
pyrgus jenkinsi being the dominant spe-
cies in this category. In 1972 and 1973
Cladocera were numerous, comprising 42
0/o and 44 %/ of the individual food items
respectively, while their contribution to

[ votusce
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Fig. 5. The composition by weight (A), by per-
centage numbers (B), and by percentage volume
(C) of Pisces and invertebrates in the diet of the
Goldeneye.



Food items No. of /e Frequency %o Percentage of
individuals of occurrence vol. in total
no. birds material
Pisces 73 0.6 56 47.1 35.6
Scardinius erythrophtalmus 14 0.1 9 7.6
Gasterosteus aculeatus 2 - 2 1.7
Perca fluviatilis 15 0.1 12 10.1
Acerina cernua 42 0.3 23 19.3
Mollusca 407 3.3 13 10.9 1.6
Hydrobia ulvae 16 0.1 1 0.8 X
Potamopyrgus jenkinsi 461 3.0 - 7 5.9 1.3
Lymnaea sp. 12 0.1 1 0.8 X
Lymnaea pereger 18 0.1 4 34 0.3
Crustacea 3214 26.4 16 134 1.8
Cladocera sp. 3195 26.2 10 8.4 1.0
Copepoda
Argulus foliaceus 1 - 1 0.8 X
Mysidacea sp. 5 - 3 2.5 X
Isopoda
Asellus aquaticus 13 0.1 8 6.7 0.2
Insecta ) 8156 66.9 106 89.1 57.3
Hemiptera bt
Corixidae sp. 2331 19.1 64 53.8 8.3
Ephemeroptera
Caenis sp. 4 - 1 0.8 X
Siphlonurus sp. 3 - 2 1.9 X
Odonata
Calopteryx virgo (or juncea) 11 0.1 2 1.8 0.4
Trichoptera sp. 4633 38.0 102 85.6 39.6
Oxyethira sp. 9 0.1 5 4.2 X
Diptera
Chironomidae sp. 1148 9.4 57 47.9 6.1
Brachycera sp. 2 - 2 1.9 X
Coleoptera
Silphiidae sp. (terr.) 1 - 1 0.8 X
Haliplidae sp. 2 - 2 1.8 x
Carabidae sp. {terr.) 1 - 1 0.8 X
Myrmecinae sp. (terr.) 1 - 1 0.8 X
Unidentified insecta 10 0.1 3 2.5 1.2
Arachnoidea 8 0.1 7 5.9 X
Acarina
Hydrachnella sp. 8 - 7 5.9 b
Total animal food 11858 97.3 109 91.6 96.3
Seeds 306 2.5 41 34.5 14
Myriophyllum sp. 1 - 1 0.8
Potamogeton sp. 115 0.9 6 5.0
Ruppia sp. 27 0.2 4 3.4
Scirpus lacustris 12 0.1 11 9.2
Zannichellia palustris 91 0.7 13 109
Other identified seeds 41 0.3 18 15.1
Unidentified seeds 19 0.2 13 10.9
Vegetative growth 25 0.2 19 16.0 23
Total plant food 331 2.7 51 42.9 3.7
Total 12189 100.0

Table 1. The species composition, occurrence, and percentage volume of food items from the total

material. x = < 0.1 %o.
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volume comprised only 3 %o and 4 %.
In the total material Cladocera comprised
1.8 %9 of the volume.

There were 8,156 insects among the
animal food items. Larvae of Trichoptera
spp. comprised more than half of these
(4,642 individuals), and formed 39.6 %o
of the total volume. 2,331 larvae and
imagoes of Corixidae were present, form-
ing 8.3 % of the total volume, while
larvae and pupae of Chironomidae (1,148
individuals) formed 6.1 %o of the volume.
Larvae of Ephemeroptera and Odonata
(Calopteryx virgo or juncea) were present
in smaller numbers, and a few terrestrial
insects including Silphiidae, Caribidae and
Myrmecinge occurred by chance in
stomach contents.

Plant remains formed 3.7 %o of the
total volume, seeds comprising 1.4 %o of
this figure. Altogether 306 seeds were
found, mainly of Potamogeton spp., Zan-
nichiellia palustris and Ruppia spp. In
addition seeds of land plants were found,
including Empetrum nigrum spp., Circium
spp. and Arctostaphylos uva uris. These
latter seeds were undoubtedly carried out
into the fiord by streams or wind. Al-
together seeds were found in 41 stomachs,
and other plant remains (stems and
portions of leaves, especially of Potamo-
geton spp., Ruppia spp., and Elodea cana-
densis), in 19.

The food preference of Goldeneye has
been investigated by several authors, in-
cluding Corram (1939), CamperL (1947),
Mapsen (1954), OLNeY & MitLs (1963),
Dement’ev et al. (1967) and Nirsson
(1972), but most of the material originated
from birds collected during the winter
months. Their studies have revealed that
Goldeneye rely on Crustacea and Insecta
to a much greater extent than other diving

ducks.

Corram (1939), whose material com-
prised almost 400 Goldeneye collected

throughout the year in North America,
found that Mollusca, Crustacea, Insecta
and plant remains comprised 10 %o, 32 %o,
27 %o and 26 %o of the volume of the
food respectively. Mapsen (1954) ex-
amined over 200 Goldeneye, all collected
between October and February. The
stomach contents of 38 birds from brack-
ish-water areas of Ringkebing Fjord and
of 19 from the Limfjord showed that the
respective percentage proportions of the
birds containing different food categories
were: Mollusca 68 %o and 79 %o, Crusta-
cea 63 %o and 68 9, Pisces 16 %o and
5 /o, Insecta 10 %o and 26 %0, and plant
remains 76 %o and 84 %o. The author did
not state the percentage volume of each
food category, but mentions that Mol-
lusca, Crustacea and plant remains com-
prise most of the diet. In birds collected
from marine localities plant remains were
less common, while Mollusca, Crustacea
and to some extent fish were predominant
in the stomach contents.

In the material of the above studies,
plant remains comprised a considerably
larger part of the diet than in birds from
Hjarbaek Fjord .The same is also true for
Mollusca and Crustacea, which in the
Hjarbek Fjord material comprise only
1.6 %/ and 1.7 %o respectively of the total
volume. These differences are mainly due
to divergences in food preference, partly
due to requirements and partly to seasonal
availability. DemENTEV et al. (1967) are
of the view that plant remains are only
eaten in an emergency, or by chance.

It is worth noting that fish only com-
prise a small part of the diet of Golden-
eye in winter, while in the summer-col-
lected material from Hjarbek Fjord they
comprise 35.6 %o of the total volume.
Dement’eV et al. (1967) state that in the
early spring on the Mologa River of
North-west Russia, the diet of the Gol-
deneye consists of 60 %6 small fish and
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20 %o Chironomid larvae. Later in the
year, in September and Qctober, it is
mainly larvae of Phryganea striata (75
%/o) which are found in stomachs. In the
Caspian Sea region, the main winter food
is Crustacea, consisting of 46 %0 Gamma-
ridae and 45 %/o0 Potamobius.

In the studies mentioned, no com-
parisons were made between food prefe-
rence and availability of food resources.
It is thus not possible to know whether
Goldeneye exercise their food preference
by seeking localities which satisfy parti-
cular criteria which show seasonal
variation, whether they forage on the
food items available in a particular local-
ity where other criteria such as lack of
disturbance are satisfied, or whether they
specialise on particular food species oc-
curring in large quantities.

Nitsson (1972) examined 16 Golden-
eye caught in fishing-gear during Septem-
ber-November in the fresh-water Lake
Ringsjon, southern Sweden. Larvae of
Trichoptera and Chironomidae were pre-
dominant in the food, and some fish to-
gether with small amounts of Mollusca
and plant remains were also found. The
percentage occurrence of Insecta was 89
/s, Mollusca 4 /o, fish 2 %/o and plant re-
mains 4 ®/o. These proportions in general
correspond to the food preferences shown
by Goldeneye in Hjarbak Fjord in 1969,
1970 and 1971. In his studies, NiLssoN
compared the food preferences of Golden-
eye and Tufted Duck (Aythya fuligula)
with the food resources available, based
on samples of the benthic fauna.

Food preference in relation

to available supply

As mentioned previously, benthic samples
were taken during the latter half of the
moulting period of the Goldeneye at
Hjarbek Fjord in 1968 and 1971. How-
ever, as the Goldeneye obtained all
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originated from the eastern part of the
fiord, it is really the samples from this
area which are of most interest. It is not
possible however to make a direct com-
parison between diet and available food
supply, as benthic samples only indicate
the composition of the epi- and infauna,
and give no indication of free-swimming
invertebrates and fish. During the period
1968-1971, the species composition of
the benthic fauna and the number of
animals per m? has changed considerably
(Fig. 6).

Prior to the establishment of the Virk-
sund dam, the species composition of the
benthic fauna was that of a typical Ma-
coma community, including Littorina
spp., Hydrobia spp., Pisidium spp., Myti-
lus edulis, Mya arenaria, Macoma baltica
and Cardium edule as typical components.
Populations of Hydrobia ulvae and H.
ventrosa existed in the fiord in the early
years after 1966, and a few examples
were found in Goldeneye stomachs. How-
ever the populations were previously ex-
tremely large, and empty shells of Hydro-
bia predominate in bottom samples from
1968 with an average of up to 84 %o for
the whole fiord. According to Muus
(1967) Hydrobia ulva and H. ventrosa do
not occur in oligohaline or limnetic-water
localities (those of less than 5 %0
salinity).

Fresh-water snails were first found in
the fiord after 1968, and in 1971 some
species were numerous in samples from
stations in the vicinity of stream outlets.
Hydrobiidae, in 1971 occurred at a popu-
Jation density of up to 7,870 individuals/
m?2, while Lymnaea pereger, only present
in small amounts in 1968, was numerous
in samples taken in 1971 from the south-
ern section of the fiord (Kvols Vig). In
this latter case 8,800 individuals/m?
were recorded, mainly attached to Elodea
canadensis and Spirogyra spp.
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The numbers of trichopteran and chiro-
nomid larvae increased greatly in samples
from 1971 compared with 1968, Trichop-
tera being especially in the eastern part of
the fiord, where up to 3,345 individuals/
m? were found. Chironomidae had spread
throughout the fiord, but were mostly off
stream outlets where detritus layers oc-
curred. The percentage proportions of live
benthic fauna in the eastern part of the
fiord (to the right of the broken line in
Fig. 2) is shown in Fig. 6.

Some of the invertebrates present in
aquatic ecosystems are not available as
food for the Goldeneye because of their
behaviour and mode of life. Chironomidae
and other substrate-dwelling animals pos-
sibly occur in such small numbers in
Goldeneye stomachs in relation to their
number/m? because other items, e. g.
small, slow moving fish, are so abundant
that Goldeneye can specialize in them.
The problem has been discussed by Swan-
soN et al. (1974) in connection with the
feeding ecology of the Blue-winged Teal
(Anas discors), and by FreLpsA (1973) in
connection with a study of the diet of the
Horned Grebe (Podiceps auritus).

In the case of fish species, Mr. O.
BAGGE (pers. comm.) stated that sample
trawls carried out by The Danish Institute
for Fishery and Marine Research in 1969,
1970, 1972 and 1973 showed an increase
in numbers, particularly of Scardinius
erythrophthalmus, and Gasterosteus acu-
leatus, Perca fluviatilis, Acerina cernus
and Anguilla anguilla. The catch after
using an eel-trawl for one hour is shown
in Table 2. Concurrent information was
also given personally by Mr. SiGvarp
JORGENSEN, a fisherman, who noticed a
decrease during the same period of
marketable fish, together with a great in-
crease of smaller fresh-water fish in
catches.

Changes in the and

quantitative

1968 n:3735/sqm

1971 n=7997/sqm

EEFEY Hydrobiidae
BEE Lymnaea pereger
EEE53 Trichoptera sp.

Chironomidae sp.
[T invertebrates sp.

Fig. 6. The percentage species composition of the
benthic fauna and the number of individuals per
square metre in areas 5 and 6, Hjarbzk Fjord,
in 1968 and 1971.

qualitative composition of the benthic
fauna and increases in the populations of
certain fish species have also been evident
in the stomach contents of the Goldeneye.
The most striking fact is that fish form
an increasing part of the diet, comprising
up to 72 % of the volume in 1973, or
68 9/ of the weight (Fig. 5).
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Species 1969 1970 1972 1973

No. Kg. No. Kg. No. Kg. No. Kg.
Clupea harengus - - - - - - 4.5 0.060
Salmo trutta - - - - - - 0.5  0.400
Salmo irideus - - - - 40 1.000 1.5 0325
Coregonus lavaretus - - - - 1.0  0.220 2.0 0.385
Platichthys flesus 2.0 0.280 107 1.072 - - 1.5 0.225
Zoarces viviparus 0.8 0.040 - - - - - -
Gasterosteus aculeatus 2240 1.045 - - 175.0 0.700 | 1730.0 6.788
Scardinius erythrophthalmus  541.2 34172 | 358.5 15.933 | 155.0 26.100 868.0 31.593
Acerina cernua 0.4 0.040 241  0.268 172.0 2900 | 1685.0 29.200
Perca fluviatilis 304 1.848 124.0 9.983 520 3.700 151.0 6.552
Osmerus eperlanus 1072 1.160 2.0 0.040 17.0  0.600 1.0 0010
Blicca bjorkna 48 0200 | 2144 4317 8.0 0.600 45.0 16.750
Anguilla anguilla 28.8  2.740 456  4.087 30.0 2.900 115.0  9.795

Table 2. Results of a sample trawl by The Danish Institute for Fishery and Marine Research in Hjar-
beek Fjord in July of 1969, 1970, 1972 and 1973. The catch was made by one hour’s fishing with an

eel trawl.

During the study period the amount of
molluscs in the food contents was reason-
ably constant, being mainly comprised of
Potamopyrgus jenkinsi. A few examples
of Hydrobia spp. occurred in 1969, while
in 1972 and 1973 quite a few Lymnaea
pereger occurred in stomach contents. In
relation to numbers of Mollusca occurring
in the fiord, this category is only slightly
represented in the food. This is striking
considering that gastropods are abundant
as an easily available epifaunal element.
As mentioned previously, Insecta are
predominant numerically, even although
in 1971 this category only comprised
about 40 %o of the numbers of benthic
fauna.

In 1972 and 1973 Cladocera comprised
an important part of the food numerically,
and it is probable that for this group also,
populations have increased together with
the gradual tendency towards a fresh-
water habitat in the fiord. There was no
increase in the numbers of Trichoptera in
stomach contents, in spite of an increase
in population (Fig. 6). The reason for this
possibly lies in the large annual variations
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in population numbers of these species, or
also that other items of food have mean-
while become available to the Goldeneye.
In addition, the food requirements of an
increasing number of Goldeneye have had
to be met during the moulting period in
Hjarbeek Fjord (Fig. 3).

The condition of Goldeneye collected

The physical condition of the 119 Golden-
eye collected from Hjarbzk Fjord was
apparently good, when compared with the
weight of birds in winter. No weight data
were given in the previously-mentioned
studies on food preference of Goldeneye,
but Scriorer (1926) states that the aver-
age weight of 8 females from December,
January and February was 788 g, and
1,136 g for 9 males from the same period,
all the birds being in their second or more
winters. During the moulting period the
average weight of Goldeneye from Hjar-
bzek Fjord is 738 g for adult females and
1,032 g for adult males, in both cases
thus slightly less than the winter weights.
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Discussion and conclusions

Numbers of Goldeneye and the diet

It is remarkable that Goldeneye, which
usually prefer oligotrophic fresh-water
lakes as their breeding-areas (RAJALA &
Ormio 1970), are much less critical as
regards water quality during the wing-
feather moult. Oligotrophic lakes are
characterised amongst other factors by
high water transparency, and for many
years Hjarbaek Fjord has been subject to
eutrophication, not least since 1966, when
the dam at Virksund (Fig. 1) was com-
pleted. At the same time, since 1967
there has been a greater influx of moult-
ing Goldeneye to the fiord, rising from
over 2,000 birds in 1968 to approximately
4,500 in 1973 (Fig. 3). This development
is presumably correlated with increases
in the numbers of animals forming their
food.

As mentioned, this study of Goldeneye
feeding was based on stomach contents
of animals drowned by accident in fishing
gear. The birds were thus caught while
foraging, making it possible to preserve
the mainly undigested food rapidly by
freezing. This approach may however in-
volve certain errors, as it may perhaps
only be those ducks which are selectively
feeding on Trichopteran larvae which are
caught. These larvae occasionally occur in
great numbers on underwater nets and
ropes, and it is possible that as a food
item, this category is over-represented in
the material from stomachs. A food
analysis of birds collected for example by
shooting while feeding would possibly
have made the food preference more clear.

In the Goldeneye examined from July,
August and September 1969-73, the com-
position of the food according to the
volume of each category was as follows
(see Fig. 5 and Table 1):

Pisces 35.6 %
Mollusca 1.6 %0
Crustacea 1.8 %%
Insecta 58.9 %/g
Plant remains 3.7 %o

Local distribution

The following factors influence the local
distribution of Goldeneye at Hjarbak
Fjord during their wing-feather moult
(Fig. 4):

1. Topography: in general, during the
moult Goldeneye appear to prefer open
areas of water free of larger zones of tall
marginal vegetation such as reed swamps,
in contrast to dabbling ducks, which
prefer cover in vegetation while moulting
(Bezzer 1964, KorTeGAARD 1974). When
Goldeneye are disturbed, they react by
diving and moving out into deeper water.

2. Disturbance: during the moulting
period, Goldeneye are very much exposed
to disturbance by leisure sailing activities.
This is one reason why they prefer the
eastern and south-western areas of the
fiord as resting places.

3. Weather conditions: these have some
influence on the distribution of Golden-
eye in the fiord, as they mainly seek lee
coasts during strong winds.

4. Availability of food: in shallow
waters this appears to be a necessity, but
it is hardly possible to relate the
distribution of Goldeneye completely to
the distribution of their food. On this
point, the factors mentioned above have
some influence (Figs. 2 and 6). The daily
food requirement of a Goldeneye does
probably not exceed 200 g (NiLssoN
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1972). The daily amount of food of the
Eider (Somateria mollissima), has for ex-
ample been determined as approximately
300 g of molluscs (Geramisova &
Baranova 1960), but daily requirements
must vary both with the season and
the quality of the food items. In 1973,
the number of moulting Goldeneye in
Hjarbaek Fjord exceeded 4,500 in the
early part of August (Fig. 3), and the
average number of birds from June until
the end of September was 2,250 birds/
day, giving an approximate value of
270,000 bird-day units. Thus the amount
of food necessary during the period, at a
daily consumption rate of 200 g/bird,
amounts to approximately 400 kg per

day, a total of 54 tonnes over the whole
period. In 1971, the average weight of
benthic fauna per m? in Hjarbak Fjord
was about 7 g, a figure which possibly
underestimates the actual biomass (see
page 5). An approximate, cautious
estimate of the total weight of macro-
fauna in the 24 km? area of water is
about 168 tonnes standing crop. Other
diving ducks which forage on the benthic
fauna of the fiord include Tufted Duck
(Aythya fuligula), Scaup (Aythya marila)
and Pochard (Aythya ferina), but in 1974
the numbers of Goldeneye comprised
approximately 90 %o of all diving ducks
in the fiord during the months of June
to September.

Dansk resumé

Hvinandens (Bucephala clangula) fedeskologi under svingfjerfeeldningen
i Danmark

1. Hvinanden (Bucephala clangula) er en ikke-
ynglende gast i de danske farvande hele aret. I
sommermanederne forekommer feldende hvin-
@nder p4d mange brak- og ferskvandslokaliteter.
Bestanden er p& mindst 12.000-14.000, hvoraf
hovedparten forekommer i Limfjorden. Landets
vigtigste fzldningslokalitet er vildtreservatet
Hjarbek Fjord (fig. 1), hvor op til 4500 fel-
dende hvinender er registreret.

Studier af hvinandens fzldningstrek og sving-
fjerfeeldning i Hjarbeek Fjord har veret gennem-
fert siden 1969 sidelebende med generelle vand-
fugleundersogelser (Jepsen 1973). Desuden er ar-
tens fedevalg under feldningen undersegt pa
baggrund af maveindholdet fra i alt 110 fugle,
der ved uheld er fanget og druknet i fiskered-
skaber opstillet i den estlige del af Hjarbak
Fjord (fig. 2). Hvinandens lokale udbredelse i
fjorden under feldningen er ligeledes undersegt.
Fodens kvantitative og kvalitative sammensat-
ning i relation til tilgengelige federessourcer dis-
kuteres p& baggrund af prevetagninger af bund-
faunaen i august-september 1968 og 1971.

2. De indsamlede hvinender er omkommet under

fouragering, umiddelbart for ruserne er blevet
rogtet, idet fuglene er blevet skremt, nér en bad
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har neermet sig, hvorved de, der har ligget mel-
lem rusernes fangarme, har forvildet sig ind i
den lukkede del af fangstredskabet. Maveindhol-
det har séledes oftest varet ganske frisk. Kun i
10-15 % af fordejelsesorganerne har der veret
storre fedemeengder i muskelmaven. Feden har
overvejende befundet sig i spisereret og kirtel-
maven, hvilket i hoj grad har lettet bestemmel-
sen og optellingen af de enkelte fedeemner.

Hvinenderne er hurtigst muligt efter, at de er
fjernet fra ruserne, blevet forsynet med dato,
pakket i plasticpose og lagt i dybfryser. For-
dejelsesorganerne er senere udtaget og i endnu
frossen tilstand preaepareret i en 4 %o formalin-
oplesning. Det totale maveindhold samt fisk er
vejet i vad tilstand. Veagten af invertebrater er
derefter beregnet. De enkelte fodeemner er ikke
vejet. Volumen-procenten for de enkelte fede-
emner er bedemt efter rumfang i vad tilstand
i preeparatglas.

3. Antallet af hvinender i Hjarbek Fjord fra
maj til september 1968-1974 ses i fig. 3. Den
nordlige del af fjorden, samt i nogen grad den
centrale del, benyttes af fuglene som rasteplads
efter ankomsten, hvorefter der gradvis, som fwld-
ningstiden neermer sig, sker en spredning til fjor-
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dens sydvestlige og estlige afsnit. Under selve
svingfjerfeeldningen opholder 40-60 %o af bestan-
den sig i den sstlige del af fjorden (fig. 4).

Hvinandens vigtigste fourageringspladser og
overnatningsomrider i Hjarbak Fjord er vist i
fig. 2.

4. I materialet fra de 110 maver (119 indsamlede,
men 9 var tomme) er der i alt registreret 11.858
individuelle fodeemner. Fig. 5 viser fodens forde-
ling efter vaegt mellem fisk og invertebrater (A),
efter antal i % (B) og efter volumenprocent (C)
i perioden 1969-1973, og i tabel 1 ses fode-
emnernes fordeling efter antal, hyppighed og vo-
lumen. (Se ogsd appendix 1). Fedens fordeling
efter volumenindhold er falgende:

Fisk 35,6 %
Bleddyr 1,6 %
Krebsdyr 1,8 %
Insekter 58,9 %
Plantedele 3,7 %

5. 1lebet af perioden fra 1968 til 1971 har bund-
faunaens artssammensatning og antallet af dyr

pr. m? endret sig veasentligt, hvilket skyldes for-
andringer i fjordens naturforhold fra et brakt til
et limnisk milje. Dette var en felge af, at den
frie vandgennemstremning i Virksund (fig. 1)
blev standset i forbindelse med Virksunddemnin-
gens etablering i 1966. Demningen er forsynet
med sluser, der kun tillader vandpassage mod
nord. Fig. 6 viser den procentiske fordeling af
bunddyr i fjordens estlige del. Fiskefaunaen i
Hjarbzk Fjord har ogsa endret sig i undersogel-
sesperioden. Tabel 2 viser fangstresultater pr. i
times fiskeri med &letrawl i 1969, 1970, 1972 og
1973. ZAndringerne i bundfaunaens artssammen-
seetning og en stigning i bestanden af visse min-
dre fiskearter afspejler sig i maveindholdet hos
hvinanden.

I lobet af undersegelsesperioden udgjorde fisk
en voksende andel af foden, siledes i 1973 68 %o
af fodens vagt eller 72 %o af volumen.

6. Gennemsnitsveegten hos hvinenderne fra Hjar-
bek Fjord i feldningstiden ligger hos adulte
hunner p&d 738 g og hos adulte hanner pa
1032 g, hvilket ifelge Mapsen (1954) er en smule
mindre end vagten hos fugle fra vinterhalvaret.

PesromMe Ha pyCCKOM SI3BIKe

OKONOTHS YCHAOBHI MHTAHAS OOBIKHOBEHHOIO TOrOJIs
(Bucephala clangula) Bo Bpems IHHBKY MaXOBBIX niepheB B lanuu.

1. OGrixHOBeHHBL TOTONL ( Bucephala clanguia)
B TEUECHHE KPYIJHOro roja sBISETCS Hepas-
MHOXAIOHIMMCS HOCETHTENeM HATCKHX BOJ.
B nerHne Mecsiupl JIMHSIOIIME IOTOJH BCTpPEYa-~
IOTCS Ha MHOTHX COJIOHOBATBIX H IIPECHBIX
BOJHBIX HPOCTPAHCTBAaX. UHUCIEHHOCTH ITOIYJisS-
muu He Menee 12.000-14.000, 1 GONBIIHHCTBO
ee Bcrpeuaerca B Jlumduoprne. BaxHeiimuMm B
CTpaHe palfiOHOM JIHHBKH CIIY)XXHT 3arOBEAHHK
SApbex-®uopn (dur. 1), roe 3aperucTpUpOBaHO
1o 4500 TEHEAIONIAX TOTOMNCH.

Hccnenosanus mepenera rorojeif Ha JTHHBKY
U JMHBKH MaxoBeX nepne B SpGex-duoppne
OPOBOAHIIMCE C 1969 1. momyTHO ¢ OOmmMM
HCCHIEOBARMAMM BOjomnasarommx nruy (JEp-
SEN, 1973). Kpome Toro, Bei6Op OHINH ITOrO
BHA BO BpeMs JIMHBKH OBl MCCIENOBaH Ha
OCHOBAHHM COIEpPXAaHHA JKelygkos Bcero 110
OTHL, CHy4aiHO nomasmmux B pPHIGOIOBHEBIE
CTaBHBIE HEBOJIbI, YCTAHOBJICHHBIE B BOCTOYHON
yactu Spbex-Ouopna, ¥ yToHYBINUX B HEX (dur.

2). MecTHOe pacmpoCTPaHEHUE TOTOJA BO BpeMs
JIMHBKH B 3TOM (uopHae Taxxe OBLIO HCCHEeNO-
BaHO. KOJIMYECTBEHHBIH 1 KAYEeCTBEHHBI COCTaB
TIMINY [0 OTHONIEHHMIO K HMEIOLIHMCH B Paco-
PSUKEHUM MHINEBBIM pecypcam obcyxiaercs Ha
ocHOBaHMY 00pa3uoB HOHHOM dayHbl, B3ATHIX B
Te4YeHHe aprycra-ceHTa0ps 1968 u 1971 r.

2. CobpaHHple TOrojH IOrHOIH BO BpEMSA
QypakHpOBaHHA HEINOCPEACTBEHHO IIEpes IIPH-
orrTneM prIOaKOB K CTABHBIM HEBOZAM JIUIs
cobmparns prIOBI, Tak KaK IOTHOBI HCOYrajnuch
npubIIKATOIHEHCS JIOAKH, H T H3 HHX, KOTOPEIE
HAXOIHUJIACh MEXAY KPHUIbAMH HEeBOJAa, HOMalu
B 3aKPHITYIO 4acTh priGosioBHOM cHAacTH. Takum
obpasoM, couepkaude uX Keayaxa B OoOnb-
IIHHCTBE CiiyyaeB OBLIO AOBOJIBHO CBEXHM.
Tonsko B 10-15 % opranos numeBapernus OsU10
o0HapyXEHO 3HAYMTEIILHOE KOJIHYSCTRBO MHIIH B
MYCKYIBbHOM xetynxe. ITama riuasasiM o6pasoM
HaXOHWIACh B NHINICBONE H IKEJIE3UCTOM XKe-
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JyZKe, YTO B 3HAYMTENLHOHN cremenH oferyano
onpeleneHHe M Yy4yeT OTHENbHBIX TPeIAMeTOB
AHIIH.

Kax MOXHO CKOpee IOCIe YHaJIeHHs TOroJiei
13 pHIGOTOBHBIX cHACTEH OHHM OBIIM IOMEYCHBI
ATOl, YNakoBaHbl B IJIACTMACCOBBIE MEHIOYKH,
¥ 3aMOpOXeHHl B xonopmibnuke. IlosnHee,
OpraHbl MUILEBAPEHHUsS OBIIM BBIHYTBHI, M €LIE B
3aMOpOKEHHOM COCTOSIHMH INpEenapupoBaHbl B
4-ppOUEHTHOM pacTBOpe dopmanusa, Obmee
copepaHue Xeiayaka U peida B3BEUIHBAJIHCE B
MOKPOM COCTOSIHHH. 3aTeM Bec 6eCmo3BOHOYHBIX
ONpeneHAiCcs BoryuclieHneM. TIpOUeHTE OTACNb-
HBIX NpPEOMETOB NHIIM HOo o0BEMy Ompexe-
JISINACh O HX 0OBEMY B MOKPOM COCTOSIHHM B
npenaparHeix CKIAHKAX.

3. Yucnennoctu roroneit B Spbex-Puopne ¢
mas mo cedrabpp 1968-1974 r. nmokasaHel B
¢ur. 3. Cesepnas yacts GpHOPAA, & 4O HEKOTOPOH
CTENEHH M CPEAHSs YacTh €ro, CIyXar NTHLIAM
MECTOM IIpMBaia Hocie ux npuOBITHSA, HOCIe
4ero OHM IIOCTENEHHO, IO Mepe NpHOIHKEeHHS
BPEMEHH JIMHBKH, DACHPOCTPAHSIOTCS B FOTO-
3anafHYI0 H BOCTOuHy:o uacru ¢uopna. Bo
BpEMs caMoilf IMHLKA MaxoBhIX mepses 40-~60 Y%
NONyNALMH HAaXOAATCS B BOCTOYHOH YacTH
tduHopna (dur. 4).

BaxxHelinne paiioHbl (ypaxupOBaHAs H HO-
yepkx Toroyis B SpGex-®ropne mnoOKas’aHsl B
tur. 2.

4. B matepuane u3 110 xenyaxos (6buio co-
6pano 119, HO 9 OKa3aJUCh IMYCThIMH) 3aPerucT-
puposaro Bcero 11.858 XUBOTHBIX HIPEAMETOB
paue. B ¢ur. 5 1oxasaHo pAacnpenesIeHHe Io
Becy peIOEl M Becno3BoHOYHBIX (A), N0 YACIEH-
Hocta B % (B) u mo o6vémy B % (C) B Teuenue
nepuona ¢ 1969 no 1973 r., a B Tabun. I noxasano
pacnpeneiieHse IpeiMETOB MHLIH [0 YHCJICH-
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HOCTH, 4acToTe M 00BEMY (CM. TaKkxe IPHUIO-
sxenne ). Pacmpesgenenue numm mo o6béMy
6B110 cremyronee:

Pribst (pisces) 35,6 %
Monnrocku (mollusca) 1,6%
Pakoo6pasusie (crustacea) 1,8%
Hacexomsie (insecta) 58,9 %
PacTaTenbHbBIE YACTHIEI 3,7%

5, B teyenue nepuoaa ¢ 1968 mo 1971 r. cocras
HoHHOM hayHs! M0 BUAAM H KOJIHYECTBO JKHBOT-
HBIX Ha M? 3HAYMTENILHO M3MEHHJIHCHL BCIIEH-
CTBHE TOTO, YTO NPHPOAHBIE YCIOBHA (QHOpHA
NPEBPATHIINCH U3 COJIOHOBATOH B JIHMHHYECKYIO
cpezy. DTO IPOM30LUIO HOTOMY, YTO CBOGOnHbIH
HpoTOX BOAB! uepe3 Bupkaymx (dbmr. 1) 6sin
OCTAHOBJIEH B CBA3H C COOPYXEeHHeM BHpK3yHI-
ckoit nnoTHHEL B 1966 r. IlnotuHa cHaGxeHa
LIUIIO3aMH, HO3BOSIOMIEMM BOJAE IPOTEKaTh
TONBKO B CeBepHOM HanpasieHud. @Pur. 6
MOKa3bIBAET PACHpeeicHAE B IPOLEHTAX KHBOT-
HBIX JOHHOMH (hayHbl B BOCTOYHOM 4acTH duopaa.
Pribras Gayna SApGek-PHOpAA B TEYCHHE NEPH-
oja HCCIIEJOBAHMSA Takxe H3Menunack. Tabm. 2
OKA3BIBAET DPE3YJILTATHI JIOBJIH 34 4YaC JIOBIH
TpasoMm ans yrpeit B 1969, 1970, 1972 u 1973
rogax. V3MeHeHust BHAOBOTO COCTaBa JOHHOM
¢dayHsl H pOCT MOMyNALM# HEKOTOPBIX MEIIKHX
BHIOB PhI0 OTPaXaeTCs B COJEPKAHHH HKEJIYIKOB
TOroJeH.

B TeueHye INEpHOAA HCCIENOBaHus, DbIOH!
COCTABJIAIA BO3PACTAIOINYIO AOMIO NHIMH, HAND,
B 1973 1. 68% o6mero Beca uan 72 % obmero
o6péMa ITHIIN.

6. Cpenmnit Bec roroseii u3 Spbex-®uopaa Bo
BpeMs ITHHLKM Yy B3POCIHBIX CAMOK COCTaBJIAeT
738 1, a y B3pocneix camuoB - 1032 r. Tlo
MaDsSEN (1954) 370 HEMHOIO MeEHbIE Beca
NITHI B 3UMHEM NOJIYTONMH.
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Appendix 1. Data of the sex, age, weight, and date of capture of Goldeneye caught accidentally in nets
at Hjarbaek Fjord. The frequency of occurrence of the different categories of food items in each stomach

specimen are also given. Age: 1 = > 22 months old; 2 = 10-16 months old.
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