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ABSTRACT

Sjöberg, K. 1987. Temporal relationships between fish-eating 
birds and their prey in a North Swedish river.
Doctoral dissertation, Umeå. ISBN 91-7174-309-X

The seasonal and diel feeding habits of the goosander, 
Mergus merganser, the red-breasted merganser, M. serrator, 
gulls (Larus canus, L. argentatus and L. fuscusT and terns, 
Sterna hirundo/paradisaea were studied at 64^05'N. Birds" 
activity patterns were influenced by the nocturnal spawning 
of the river lamprey (Lampetra fluviatilis). Food selection 
and food consumption by hand-raised mergansers together with 
aquarium studies of the diel activity patterns of their most 
important prey supplemented the field data. River lamprey 
dominated the diet of the goosander by weight and the 
sculpin Cottus gobio by number. The fish consumption of the 
goosanders was found to be about 12% of the available river 
lamprey biomass and about 17% of the sculpin biomass during 
the breeding season.

In experimental situations the river lamprey was a low- 
pritority species compared with salmon , Salmo salar, brown 
trout, S. trutta, and minnow, Phoxinus phoxinus, when 
presented to satiated birds of both Mergus species. When 
hungry, however, the birds caught the available prey 
irrespective of species, but they selected larger prey when 
two size classes were present. Experimental results were 
compared with field data on availability, consumption and 
the escape behaviour of the various fish species.

The rivers emptying in the Bothnian Bay are regarded as 
important feeding areas for birds breeding along the coast. 
In early spring they get access to abundant and reliable 
food resources, e.g the river lamprey. Later on the three- 
spined stickleback, Gasterosteus aculeatus, supply both 
Mergus species with food in the river and also along the 
coast. From the middle of June potential food supply 
available to birds decreases in the rivers and becomes more 
abundant in the coastal area.

Key words: Seasonal and diel activity, food consumption, 
predator-prey relationships, fish-eating birds, anadromous 
fish, Mergus merganser, M. serrator, Sterna spp., Larus 
spp., Lampetra fluviatilTs, Gasterosteus aculeataus.

Kjell Sjöberg, Department of Animal Ecology, University of 
Umeå, S-901 87 Umeå, Sweden.
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INTRODUCTION

In the coastal region around the Bothnian Bay, snow and ice 
cover the brackish and freshwater habitats up until late 
April or early May. Shallow bays freeze solid, preventing 
birds from utilizing these foraging sites, where later on 
during season fish prey of various size are easily
available. On the other hand, in the rivers emptying into 
Bothnian Bay, open water becomes available early in spring 
at rapids and streaming sections, which are used as fishing 
sites by diving ducks such as the goosander Mergus
merganser.

At ice-break on the rivers, a profusion of activity is under 
way in the strong spring flood. Fish swimming upstream to 
spawn appear in the river (e.g. grayling, Thymallus 
thymallus), while other species (e.g. whitefish, Coregonus 
lavaretus) have spent the winter in the river since 
migrating upstream to spawn the previous autumn. Some fish 
species now leave the river. For example, young
metamorphosed river lampreys Lampetra fluviatilis move
downstream at night to spend their growing period in the 
sea. Later in the spring, yearlings of salmonids, such as 
whitefish and grayling, leave the river. With the onset of 
summer, large numbers of cyprinid yearlings migrate to the 
sea. These seaward fish migrations partly alter the balance 
in food resources for fish-eating birds in favour of sea 
habitats.



Above the water surface, the flight along > the river by 
goosanders is a characteristic feature of the river during 
early spring. Later on, other fish-eating birds, such as the 
red-breasted merganser Mergus serrator, gulls (L. canus, L. 
argentatus, and L. fuscus), and the common tern Sterna 
hirundo, regularly visit the river.

Seasonal and diel patterns in flight activity, food resource 
utilization and food-seeking behaviour of fish-eating birds 
are described in this thesis, and hypotheses as to why such 
behaviour evolved in the river habitat studied are 
suggested. The hypotheses are based on a combination of 
results, including both field observations and experiments. 
In addition, seasonal changes in predator/prey relations 
between bird and fish species have been object to study. 
Since the studies were carried out at a latitude of 64° N, 
some general ecological consequences of the light regime at 
high latitudes are discussed with regard to the behaviour of 
prey species and predator-prey interactions.

The freshwater river habitat and the brackish coastal area 
outside the mouth of the river constitute a combination of 
habitats, which together increase the foraging opportunities 
for birds. The seasonal and diel changes in resource 
distribution between these habitats and the ways in which 
fish-eating birds utilize the resources are described.
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STUDY AREA

The study was mainly carried out in the Rickleå River and 
adjacent areas around the mouth of the river in northern 
Sweden (64°05'N, 20°57 ' E)(Fig. 1). The 48-km-long river
flows into the brackish Bothnian Bay. Sixteen percent of the 
total length of the river consists of rapids. The river 
rises towards Lake Bygdeträsket, which is situated at 131 m 
above sea level, and the vertical river gradient down to the 
sea is about 2.7 m per km.

The mean annual discharge rate of the river is 16 m^s“^
while the peak spring discharge, which occurs in May, is 
about 160-180 m3s”l. The summer discharge normally ranges 
from 3 to 10 m3s_1 (Österdahl 1964, Karlström 1978).

There are three major habitat types in the river. (1) 
Rapids, or stretches of boulders and large stones overlying 
finer grade materials on the river bed. In general, the 
stretches of rapids are 20-30 m wide and 0.5-2 m deep
(Österdahl 1964, Karlström 1978). Aquatic mosses are 
abundant in this habitat. 2) Fast-flowing stretches with
hard bottoms of clay and gravel. Both the primary and
secondary productivities of these areas are normally low, 
and the water velocity is intermediate between that of the 
rapids and the slower sections. 3) Slow-flowing stretches, 
which have soft, muddy bottoms and a well-developed,
submerged vegetation.
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Hydroelectric power dams constructed 15 km, from the river 
mouth prevent fish from migrating above this point. 
Österdahl (1964) estimated the area of the river downstream 
from the dams to be about 652,000 m^, of which about 32% 
consists of rapids with rocky bottoms, 19% of fast-flowing 
stretches with rocky or gravelly bottoms, and 49% of slow- 
flowing stretches with sandy or muddy bottoms.

Of the six fish-eating bird species regularly present in the 
river and discussed in this study, the only species breeding 
up in the river was the goosander. About five pairs were 
distributed along the lower 15 km of the river. Close to the 
mouth there were one or two red-breasted merganser nests, 
but broods of this species are normally not seen in the 
river. All other fish-eating birds utilizing the river breed 
along the coast. Along a 15 km stretch of the coast (roughly 
equivalent to the length of the river section studied), 
about 14 pairs of goosanders and 12 pairs of red-breasted 
mergansers were breeding. In addition, gulls and terns were 
scattered in small nesting colonies on the small islands 
distributed along the same section of the coast (Fig. 1).
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Robertsfors

Field statioi

5km

Fig. 1. The study area along the coast of the Bothnian Bay. 
The position of goosander (•) and red-breasted merganser (▼) 
broods are indicated, as well as the position of breeding 
colonies of gulls and terns ( O  ) on 22 and 24 August 1972.
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THE FISH FAUNA OF THE RIVER (I, II)

The river lamprey migrates in large numbers (ca. 200,000) up 
the river in autumn (Asplund & Södergren 1975). The biomass 
represented by migrating lampreys has been estimated at 
10,000-12,000 kg. Local fishermen, using traditional fishing 
gear (Sjöberg 1985), catch about 50% of the fish, thereby 
removing ca. 6,000 kg (Asplund & Södergren 1975). River 
lamprey spend the winter in the river and spawn the next 
spring during the first half of June. After spawning a large 
proportion (if not all) of the lampreys die. The larvae 
spend several years in the bottom substrate of the river. 
The metamorphosed larvae migrate out of the river and into 
the sea up till the end of May, i.e. at least partly during 
the spring peak in water flow.

Three-spined sticklebacks Gasterosteus aculeatus start 
migrating up-river in large numbers during late June and 
early July. At this time large numbers of sticklebacks are 
also spread out along the coast in the shallow bays.

Other fish species of potential importance as prey items are 
yearlings of whitefish and grayling. Both species appear in 
large numbers towards the end of June and beginning of July 
during their seaward migration. In the slow-moving sections 
of the river, minnow Phoxinus phoxinus, young stages of 
northern pike Esox lucius, and cyprinids (e.g. roach, 
Rutilus rutilus, and perch Perea fluviatilis) are of 
potential importance as food items as well.
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The sculpin (Cottus gobio) belongs to the stationary fish 
species of importance and is found throughout the river in 
streaming sections. The density can be up till 450 per 100 m̂  
and an estimated number of about 743,000 fish are present in 
the lower 15 km of the river in autumn, representing a 
biomass of about 1630 kg.

In the Rickleå River a total of 19 fish species have been 
reported (Cyclostomata included). The general ecology of 
many of these species is well known, especially for the 
salmonids (e.g. Österdahl 1969). Various features of the 
ecology of the less commercially valuable river species were 
obtained more or less as a by-product of salmonid studies, 
since the former are also caught in the same traps - e.g., 
those designed for salmon smolt. Consequently, it is known 
that many non-salmonid species are also anadromous and 
migrate up the river to spawn (e.g. Österdahl 1964).

Several patterns of diel activity have developed in river 
fish. Juvenile fish, for example many salmonid species, use 
the night-time hours for their seaward migration (e.g. Mason 
1976, Godin 1980). Other species, e.g. the perch, mainly 
swim actively during the day (Miiller 1978). There also 
exists a gradual switch from nocturnal to diurnal activity 
as the season progresses in certain species (e.g. salmon 
smolt, see Österdahl 1969). Among the species studied were 
yearlings of whitefish and grayling. Both species showed a 
diurnal locomotor activity pattern during their seaward 
migration, which peaked at the end of June and beginning of 
July. The yearlings of roach, which migrated later on during
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the season, when the nights were darker, showed a marked 
nocturnal activity pattern with a peak in the middle of the 
night.

According to Northcote (1978), the seasonal and diel timing 
of migration events has probably evolved both as a response 
to food availability and to the activity patterns of 
predators. The migration of freshwater fish species has 
often been regarded as an adaptive phenomenon increasing 
growth, survival and reproductive success (Northcote 1978). 
It represents a potentially hazardous period in the life of 
fish (Solomon, 1978). Mantifel et al. (1978) have 
demonstrated that rhytmic patterns of locomotory behaviour 
may be interspersed by defence behaviour in many species of 
fish. In the Rickleå River the evolution of migratory 
patterns is assumed to have been influenced by both fish and 
bird predation. Thus the diurnal activity of the whitefish 
and grayling in the Rickleå River, is discussed in relation 
to the presence and diel activity of e.g. the northern pike 
and the goosander.

ACTIVITY PATTERNS AT HIGH LATITUDES (III)

Patterns of activity at high latitudes, where differences in 
light intensity between day and night are relatively slight 
from late spring to early fall, have been studied in many 
organisms. Diel rhythms of fish (e.g. Österdahl 1969, Müller 
1978), and birds (e.g. Cullen 1954, Ferens 1962) have been 
studied in both the field and laboratory. Although there are
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great variations between groups, general patterns are still 
discernable. Not only light, but also temperature may act as 
a "Zeitgeber" to synchronize activity rhythms. In the 
laboratory, however, when the animals are isolated from the 
natural "Zeitgebers", or the influences of "Zeitgebers" are 
weak, they sometimes show a free-running circadian rhythm, 
or a continuous or arhythmic locomotor activity during 24 
hours. A possible discrepancy between field and laboratory 
activity patterns was demonstrated for the whitefish in the 
present study. Although the whitefish in the aquarium tests 
showed a continuous locomotor activity pattern between 
sunrise and sunset, and even during the whole 24-hr period 
early during the season, the field catches showed distinct 
diurnal peaks in seaward migration activity, even during 
summer solstice.

Many animal species at this latitude show a marked general 
increase in their locomotor activity during spring. It can 
sometimes be difficult, however, to determine the factors 
responsible for this increase. A rise in water temperature 
could serve as a locomotory stimulant, and increased 
activity is also associated with spawning. There is also a 
trend, however, for animals living in these high latitudes 
to remain active around-the-clock during late June when the 
days are longest (for birds, see Appendix). Thus, a 
combination of factors with overlapping influences appear to 
contribute to the general increase in activity, especially 
during the night-time hours in spring. In the river lamprey 
it was possible to distinguish the general increase in 
activity attributable to spawning from stimulation due to
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the lighter summer nights and higher water temperatures. The 
animals were kept in cold water until after the summer 
solstice. In early July, the water temperature was allowed 
to rise in the experimental aquaria. This caused an increase 
in locomotor activity. If increases in light intensity and 
daylength were the activity stimulants, then locomotor 
activity in the experiment should have decreased instead of 
increased, since light intensity and daylength decrease 
after summer solstice.

FEEDING BY MERGANSERS (IV, V)

When birds under experimental conditions were offered a 
variety of equally available (no shelter) prey, the birds 
preferred certain fish species over others when satiated. 
The river lamprey and sculpin belonged to the least 
preferred among seven species tested in the experiments. 
When hungry, however, birds took available prey regardless 
of species, and they preferred larger fish over smaller ones 
when given the choise.

When limited shelter was available for the prey species 
under the experimental conditions, there were significant 
differences between the numbers of different prey species 
caught by the birds. The result was dependent on the evasive 
behaviour of the prey and their capacity to escape the 
predator by swimming or hiding in the bottom substrate. 
Grayling, the most easily available of the prey, were caught 
in the largest numbers. Brown trout, which were able to hide
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more effectively, were caught in the least numbers; 
intermediate numbers of minnows were caught. In a stream 
tank with adequate bottom material available for shelter, 
grayling again dominated the diet for the reason mentioned 
above; minnows were caught in lower numbers, and only two of 
30 brown trout were caught. When grayling, an open-water 
species in these experiments, was replaced by the bottom- 
dwelling salmon, the total sum of prey caught was generally 
lower, and there were no significant differences between the 
catches of salmon, trout, and minnows. All of these species 
can hide effectively among the stones and gravel along the 
bottom. Thus, there was no evidence for preferential 
predation on the bottom-living salmon and brown trout, and 
the catch by species was roughly proportional to their 
availability.

In experiments where only salmon or brown trout yearlings 
were present somewhat different results where were obtained. 
When direct comparisons were made between the catchability 
of salmon and trout under similar hunting conditions in the 
stream tank, the birds caught more salmon than trout (chi- 
squared test, P<0.05). Trout were captured less often, 
apparently because they reacted to predator disturbance by 
quickly switching to a new hiding place. In contrast, salmon 
more often tried to escape by swimming through the water 
column in the stream tank, and they were usually caught in 
the open water (Fig. 2).
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Fig. 2. Number of brown trout and salmon parr discovered and 
chased by red-breasted merganser (A) and goosander (•) in a 
stream tank. Distances from the refuge (0 m) when caught 
(filled symbol) or escaped (open symbol) are indicated. The 
open arrows indicate the direction of the current.

The composition of prey species in merganser stomachs need 
not reflect preferences of the predator. In the Rickleå 
River, Cottus gobio was the most common prey species found 
in stomachs of goosanders, while the river lamprey dominated 
the prey biomass. The composition of prey species varied 
over the season, depending on the timing of spawning 
migrations, other factors affecting prey availability and 
predator behaviour. Thus, discrepancies between the 
experimental results and actual capture estimates, based on 
the analysis of stomach contents of field-collected 
mergansers, are most probably attributable to corresponding 
differences in availability and behaviour of the prey 
species.
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FOOD REQUIREMENTS AND PROPORTION OF AVAILABLE PREY TAKEN BY 
MERGANSERS (IV)

Juvenile, hand-raised gooosanders and red-breasted 
mergansers required food equivalent to about 20 and 22% of 
their body weight per day, respectively, to maintain a 
constant weight under experimental conditions at constant 
water (8°C) and air temperature (12°C).

An estimated 17% of the available sculpins in the lower 15
km of the river were taken by goosanders per year. The
estimate is based on the food contents of fourteen goosander 
oesophaguses, where 88 of 106 fish were sculpins. From 
quantitative electro-fishing results, the weight of sculpins 
present in suitable habitats (326,000 m^ , as estimated by 
Österdahl 1969), was calculated to be 0.5 kg/100 m^, which 
makes 1630 kg in total.

About 12% of the river lamprey population present during
spring was estimated to be caught by the birds per year, 
which accounted for about 75 per cent, by weight, of the 
birds' diet. The total weight of the river lamprey 
population during spawning migration in the river was 
calculated to be 10-12,000 kg, and at least about 5,000
kg remained after the river lamprey fishing season of the 
local fishermen (Asplund & Södergren 1975).
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FEEDING BEHAVIOUR OF-THE MERGANSERS (IV, V)

The fish-eating habits of the goosander have been known for 
a long time (e.g. Ödman 1785). Mergus merganser and M. 
serrator show the same general type of hunting behaviour. In 
shallow water they search for prey by keeping their eyes 
just below the water surface. A modification to their eye 
lens is probably a morphological adaptation facilitating 
this hunting technique (Lindroth & Bergström 1959). Having 
located a fish on the bottom, the bird rapidly snaps at it. 
The bird either follows an escaping fish from the surface 
with only its eyes submerged, or it dives immediately and 
attacks under the water surface. Mergus do not normally use 
their wings under water when chasing prey, except on rare 
occasions in response to high excitation. If they are unable 
to localize prey from the surface, they dive and search 
along the bottom. When searching for prey, they move with 
jerking movements of the head, which is inserted into 
cavities and potential prey refuges among stones, etc.

Recordings using electrical sensors confirmed that 
mergansers search randomnly for prey in cavities and "taste" 
the objects therewithin. Thus the birds are able to catch 
hiding prey or force them to leave their shelter, thereby 
rendering them more vulnerable to attack.
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PREDATOR-PREY RELATIONS: BIRD-FISH (V, VI)

In the Rickleå River, especially the river lamprey, and the 
three-spined stickleback, are regarded as the prey species 
driving or generating the activity patterns of many of the 
fish-eating birds. The seasonal foraging dynamics of certain 
bird species in the river appears to be influenced by the 
timing of the spawning of the river lamprey. Spawning occurs 
in early June, coinciding with the end of the goosander 
breeding season and the beginning of the male moulting 
period. By this time most goosander males have left the 
breeding area and, together with subadult males, form 
differently sized groups out in the open sea. These flocks 
make feeding excursions up along the river. During the 
lamprey spawning period the number of such birds increases 
in the river.

The goosander arrives on the river earlier than the red
breasted merganser. Goosanders largely feed on river 
lampreys, and this large duck has no difficulty in catching 
and swallowing one. At the time of arrival of the red
breasted merganser, the river lamprey is still abundant, and 
although smaller than the goosander, the red-breasted 
merganser can also utilize this common food resource. 
However, river lampreys are somewhat difficult for this 
smaller duck to handle and swallow. Thus, since three-spined 
sticklebacks are also available in the coastal shallow 
waters at this time (Fig. 3), it is not surprising that the 
red-breasted merganser specializes on this species. Råd 
(1980) has even demonstrated a positive correlation in
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breeding range between the red-breasted merganser and the 
three-spined stickleback in Norway.

The gulls mainly use the river as a flight path when flying 
between their breeding colonies along the sea coast and the 
fields in the river valley. During the spawning period, the 
river lamprey is also available to gulls. The gulls 
increase their frequency of foraging flights to the river, 
especially at night - when lamprey activity peaks. Since the 
common gull regularly visits the river during most of its 
breeding season, this species is able to quickly find and 
exploit a food resource soon after it appears. Thus the gull 
gradually starts to utilize the river lamprey as prey as 
they become available during spawning. Although the other 
gull species visit the river less frequently, it seems 
plausible that herring gulls and lesser black-backed gulls 
would be attracted by circling, hovering, and plunging 
common gulls and thereby become aware of the lamprey food 
resource.

The gulls' success at catching lampreys at night is linked 
to the high nocturnal activity of the spawning lamprey. 
Although gradually shifting from a strict nocturnal activity 
pattern to a more continuous one during spawning, lampreys 
continued to show a peak in locomotor activity at night 
throughout this period. During spawning, lampreys are much 
more vulnerable to aerial predators because they often swim 
close to the water surface. Apparently, the normally diurnal 
gulls found it rewarding to forage all night long during the 
lamprey spawning period. Thus, not only did the gulls expand
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their period of foraging activity, but they also increased 
their foraging success - i.e., the number of lampreys caught 
per bird reached maximum values during the darkest period 
and at dawn. For gulls living at northern latitudes and 
exposed to light nights, a temporary change from diurnal to 
nocturnal food-seeking behaviour in June should not require 
profound physiological adjustments. Thus a shift to 
nocturnalism in gulls as well as in the goosander during the 
lamprey spawn seems to be an efficient way to utilize a 
temporarily abundant prey resource.

THE COASTAL RIVERS AS FEEDING AREAS (VII)

The rivers emptying into Bothnian Bay seem to be important 
in many ways for the birds living in the coastal region. 
During spring the water temperature rises more rapidly in 
the river than in the sea. Thus open water can be found 
earlier in the river than along the seashore. Few fish 
species available in the coastal waters at this time of the 
year are suitable as prey for birds. The three-spined 
stickleback forms large shoals in the sea during winter, 
which come close to the shores just prior to the spawning 
season of the fish (Wootton 1976). During spring other 
species, such as the roach and perch, spawn in shallow water 
(Neuman 1982). In the southern Bothnian Sea, these species 
immigrate en masse into shallow areas just prior to spawning 
(Neuman 1982). They prefer lek temperatures above 10 and 12 
93, respectively. These temperatures are reached in May in 
the southern Bothnian Sea (Thorman 1983), while about
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another month is required in the Rickleå River area. In 
July, roach return to their non-breeding areas in deeper 
waters (Neuman 1982).

Thus in early spring the food resources available to fish- 
eating birds in the coastal area are comparatively scarce.
In the river, on the other hand, food - in the form of river
lampreys, sculpin, and young salmonids - seems abundant and 
available immediately after ice-break (Fig. 3). This may 
explain the frequent visits to the river by foraging 
goosanders from the coast. A rich and easily available food 
supply in the rivers early in spring may allow the goosander 
to start breeding early in the season. Furthermore, when the 
ducklings hatch, the number and availability of small-sized
fish species in the rivers (e.g. three-spined stickleback
and the resident sculpin) and young stages of large fish 
(e.g. whitefish, grayling, brown trout, and salmon) are 
high. Thus the availability of food - even for ducklings - 
seems to be good. For those ducklings living at the coast, 
large numbers of three-spined stickleback are also available 
at this time.



25

Cyprinids, juv. 
Sticklebacks 
Salmonids, juv.

Ice>NO-O
o

M. serrator. ad.

R esource
distribution

JUV.
M. merganser, ad.

a>> Ice
Sticklebacks
Sculpins

Salmonids, juv. 
River lampreys, ad.

JulyJune Aug.April May

Fig. 3. Schematic view of the allocation of resources 
between the river and the coast in relation to the breeding 
periods of goosander and red-breasted merganser.

The comparatively late breeding period of the red-breasted 
merganser is probably synchronized with the appearance of 
three-spined stickleback. Egg-laying females have access to 
large numbers of sticklebacks, as do their ducklings when 
foraging in the sea. Moreover, the rivers transport young 
fish of different species into the sea continously during 
summer and autumn. These conditions probably influence the 
scheduling of breeding periods in the two Mergus species. 
While goosanders in the rivers can utilize the abundant, 
large fish, which are available early in the season, the 
red-breasted merganser should have best access to food later 
in the season, when small-sized fish are abundant. The



26

spatial distribution of the two mergansers may also be 
related to food: the red-breasted merganser should be
favoured in the coastal area, where three-spined 
sticklebacks are abundant. According to Mills (1962), this 
merganser is more associated with estuaries than is the 
goosander.

The foraging situation for the terns is much the same as for 
the red-breasted merganser. They arrive late in the season 
and utilize small fish. Their daily and seasonal habits are 
intimately tied to the dynamics of the stickleback
population. The time niche seems to overlap broadly between
terns and the red-breasted merganser. Seasonal and diel 
activity patterns in the two Mergus species, on the other
hand, are markedly different.

The question could be raised as to the key factor
responsible for shaping foraging patterns in goosanders 
inhabiting North Swedish rivers? Is it the river lamprey, 
which is the main food item as regards weight in the 
Rickleå River, or the salmon, which has been described as an 
important food item in other studies (e.g. Lindroth 1955)? 
During the study period the salmon population in the Rickleå 
River was very low. In the early 1960' s, however, the 
Rickleå River salmon population density was as high or even 
higher than other North Swedish salmon rivers (Karlström 
1977). The mean number of migrating salmon smolt during that 
time has been estimated at 4000 per year for the Rickleå 
River (Österdahl 1969). If the average weight of a smolt is 
30 g (Österdahl, pers. comm.), then the total weight of



27

seaward migratory fish in spring should be about 120 kg per 
year.

This is an insignificant figure compared with the estimated 
total weight of river lamprey - i.e., about 5000 kg
available to goosanders. The weight figures for the smolt 
are insignificant even if one assumes that 4000 of them were 
already consumed before migration and if the parr stages are 
added. Thus it seems plausible that the river lamprey is the 
main food of mergansers, although during the smolt migration 
period the salmon may totally dominate the diet, as 
concluded by Wood (1987). It should be noted that the river 
lamprey was not preferred in laboratory experiments. 
Apparently, however, the river lamprey can be preyed upon in 
such an efficient way that it is worth the effort for large 
numbers of birds to fly up the river for feeding instead of 
feeding in the sea. The reliability and stability of this 
food supply during spring may have led goosanders in the 
rivers along the Bothnian Bay to adopt their feeding 
patterns to the seasonal dynamics and behaviour of the 
lamprey.

The former situation in the Rickleå River could be compared 
with North Norwegian rivers, which have higher salmon parr 
densities (8,5 per 100 m^ and 15-20 , respectively
(Karlström 1977)), but lack the river lamprey. Moen (1983) 
mentioned a number of about 10 goosanders visiting the Alta 
River per day, in addition to about 20 breeding pairs. In 
the Rickleå River about 30 visiting birds were present in 
the river during the corresponding part of the breeding
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season. In the Alta River, during two 24-hr observation 
periods 23-25 May, 1987, I observed 25 and 32 goosanders, 
respectively, flying along the river from a position ca. 12 
km from the mouth of the river but downstream the main part 
of the salmon habitats of the river. These figures could be 
compared with a total number of 100 to 200 observations of 
flying goosanders during a single 24-hr period in the 
Rickleå River during the corresponding part of the breeding 
season.

The rivers emptying into Bothnian Bay are important sources 
of food for many categories of birds. Not only breeding 
birds, but also temporary visitors from the coastal areas 
feed in the rivers. For the goosander the river supplies 
food for both the early arriving birds, which later breed 
either in the river or along the coast, and migrants. Prior 
to moulting, adult and subadult males frequently forage 
along the river. Gulls primarily forage along the rivers 
during the energy-demanding egg-laying period. In contrast, 
the common tern uses the rivers for foraging mainly after 
the hatching of their young.

The importance of the North Swedish rivers as reproductive 
areas for anadromous fish species and for recruitment of the 
sea populations is exemplified by Lindroth (1955, 1966).
Müller (1982) has described the function of a small river as 
a recruitment area for fish. In the present study, it was 
concluded that the rivers are also important for fish-eating 
birds living in the lower sections of the rivers and around 
the mouth area along the coast. The river and coastal areas
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form a unit offering birds an opportunity to efficiently use 
the combined food resources. During the ice-free season, the 
nucleus of this food resource shifts from the river to the 
coast.
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APPENDIX

In this appendix section the flight activity pattern of the 
six fish-eating birds utilizing the Rickleå River for 
feeding are shown. The figures are based upon continuous 24- 
hr observation observation series from an 8-m high tower 
situated ca 500 m from the mouth of the river. All birds 
flying along the river were recorded. The observations were 
carried out once a week from 7 May to 4 August in 1971. In 
total, 11 additional observation series from the years 1970- 
1974, mainly from the time period around summer solstice are 
included in the figures.

Fig. 4-9 . Flight activity of Mergus merganser, M. 
serrator, Larus canus, L. argentatus, L.fuscus and Sterna 
hirundo7paradisaea, respectively.
+ = 1 bird, * = 2 birds, o = 3-5 birds, y = 6-10 birds, s =
> 10 birds
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