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Migration pattern of Atlantic salmon smolts Salmo
salar L. released at different sites in the River

Drammenselv, SE Norway
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salar L. released at different sites in the River Drammenselv, SE Norway. Fauna nory.
ser. A 11: 17—22.

Hatchery-reared smolts of Atlantic salmon Salmo salar L. of the River Drammenselv
stock were released at four different sites in the River Drammenselv system; (1) at Gol,
(2) at Kaggefoss, (3) at Hellefoss and (4) in the estuary at Svelvik. All smolts were
individually tagged with Carlin tags. Based on tag returns the first two months after
release, it became evident that the great majority of the smolts descended the river and
migrated to sea. The smolts released at Gol descended the river with average speeds
between 4.3 and 5.4 km day-1, whereas the smolts released at Hellefoss and Kaggefoss
descended on average 13.4 km of the river per day. The speed of descent decreased
when the smolts reached the fjord, but seemed to increase when the fish reached the
coastal current. This migration pattern is discussed in relation to the current system

both in the river, the estuary and the sea.
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INTRODUCTION

Atlantic salmon smolts, Salmo salar L., mi-
grate from freshwater to the sea in the spring
— early summer (e.g. Jones 1959, Osterdahl
1969), earliest in the southern part of the
distribution range of salmon. This timing
seems to be crucial for survival and return as
adult fish (Larsson 1977, Cross & Piggins
1982, Hansen 1987, Hansen & Jonsson
1989), and is probably a result of adaptation
to the prevailing environmental conditions in
the local area (Hansen 1990a). The period
after the smolts leave freshwater (post-smolt
stage) has been suggested to be the most criti-
cal period for the marine survival of Atlantic
salmon (Doubleday et al. 1979, Browne et al.
1982).

In salmon ranching programmes (salmon
ranching: the release of articially raised sal-
mon smolts and the subsequent harvesting of
the returning adults) it is important to maxi-
mize the survival and return of adult fish.
There is, however, very little information of
migration and feeding of post-smolts in es-
tuaries and fjords draining into the Atlantic
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(see Hansen 1986, Morgan et al. 1986, Red-
din & Short 1989). Some data are, however,
available on predation of post-smolts, al-
though they are limited to estuaries (e.g.
Hvidsten & Mgkkelgjerd 1987, Reitan et al.
1987, Shearer et al. 1987, Ritter 1989).

In the River Drammenselv, salmon smolts
of the local stock have been released since
1984, as a part of a programme to restore and
increase the salmon stock (Hansen et al.
1986, Hansen 1990b). In 1987 the parasitic
fluke Gyrodactylus salaris infected the sal-
mon population and has caused a heavy dec-
rease of naturally produced salmon parr in
the system (Eken & Garnés 1990). In order to
maintain the salmon stock in the future, the
presence of this parasite has probably made
the salmon stock completely dependent on
stocking of salmon parr upstream the G. sala-
risinfected area and smolts in the main river.

The aim of this study is to describe the
migratory pattern of hatchery-reared smolts
released at different sites in the river and
estuary and to estimate their migration speed.
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STUDY AREA

The River Drammenselv system drains large
areas, i.e. 17 140 km? of south east Norway.
An important tributary is the River Halling-
dalselv, where some of the experiments were
carried out. This system is heavily affected by
regulation for the generation of hydroelectric
power, and a number of dams and weirs has
been built. At the release site at Gol the an-
nual average water discharge is about 20
m3s.-1, while during spring flood the water
discharge may reach 50—100 m3s.-1. About
20 km downstream Gol, the water running
out from the power plants again joins the
river. From here and to Lake Krgderen,
about 64 km downstream Gol, the river forms
a series of smaller lakes where the current
velocity of the water isreduced. Lake Krode-
renis 38 km long with a regulated water level
amplitude of 2.6 m, and is characterized as a
flow through basin. The River Snarumselv
with an annual average water discharge of
about 110 m3s-l, and a very pronounced
spring flood, is the river that runs out of Lake
Kroderen. This river empties into the River
Drammenselv which runs out of the Lake
Tyrifjord, about 35km downstream the lake
Krgderen. From this point the distance to the
Drammensfjord where the river meets saline
water is about 35 km.

The Hellefoss waterfall, utilized to gene-
rate hydroelectric power, is located about 19
km upstream the estuary. Here the average
annual water discharge is about 225 m3s-1,
but during the spring flood the discharge may
exceed 1500 m3s-1,

At Svelvik the Drammen Fjord is naturally
narrowed and forms the entrance of the fjord.
This entrance is the functional estuary of the
river in spring and early summer, due to the
fact that the river flood creates a sharp halo-
cline at 10 m depth all over the fjord with
freshwater (Beyer 1976, Pethon 1987). With-
in the freshwater above the halocline a consi-
derable, but narrow current is present south-
wards to the fjord entrance. This current is,
however, tidal impacted. The salinity outside
the entrance is about 5 0/00 in spring and
increases to about 10 0/00 at the bay opening
8 km further out.

The Atlantic salmon in the River Dram-
menselv is a typical multi-sea-winter salmon
stock spending 1—4 winters in the sea, and
the majority of the adult salmon ascending
the river vary between 2 and 20 kgs in size.
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Table 1. Number of tagged Atlantic salmon smolts relea-
sed at the different sites in the River Drammenselv
system, and the number of post-smolts recaptured. 1=
Gol; 2= Kaggefoss; 3= Hellefoss; 4= Svelvik, 5= Svelvik,
floated in a net-pen from Hellefoss.

Site of  Date of Smolt No. No
release  release age released recaptured
1 7 May 86 1+ 2982 14
1 19 May 87 2+ 976 6
2 10 May 89 2+ 1878 3
3 7 May 84 1+ 1472 1
3 7 May 84 2+ 984 3
3 6 May 86 2+ 1437 2
3 10 May 89 2+ 1676 1
4 9 May 84 2+ 995 4
4 6 May 86 1+ 2965 2
4 19 May 87 2+ 985 3
5 19 May 87 1+ 962 1
5 19 May 87 2+ 990 2

MATERIAL AND METHODS

In May 1984—1989 1+ and 2+ smolts of the
local stock were released at four localities
within the River Drammenselv system, and
the groups from which post-smolts were re-
captured are shown in Tab. 1. The smolts
released in 1984, 1985 and 1986 were reared
at the Research Station for Freshwaterfish at
Ims, SW Norway. The smolts released in
1987 were reared at Ims, at Hovet in Halling-
dal and at the hatchery at Amot, while the
smolts released in 1989 were reared in the
local hatcheries at Hellefoss and Amot. More
than two weeks before release, the smolts
were anaestethetized with chlorobutanol and
individually tagged with Carlin tags (Carlin
1955). The fish were transported by truck
from the rearing sites to the different places of
release, and put directly into the river, except
for a group towed for 14 hrs in a floating pen
from Hellefoss to Svelvik and subsequenly
released. Recaptures were reported by fis-
hermen and anglers, and speed of migration
was estimated based on shortest distance tra-
veled from point of release to recapture site in
relation to number of days between release
and recapture.

RESULTS

Of the 42 smolts reported recaptured (pooled
material), three fish obviously became resi-
dent. One individual released at Gol was re-
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Fig. 1. Geographical distribution of recaptured
smolts and post-smolts of Atlantic salmon relea-
sed as smolts at Gol (M), Kaggefoss (A), Hellefoss
(%) and Svelvik (@®).

captured after 61 days in the lower part of the
tributary River Hemsil, about 1 km upstream
the point of release (Fig. 1). Of the smolts
released at Hellefoss one was caught at the
same site after 101 days. Furthermore, one
fish released at Svelvik was recovered there

49 days later. The other recaptured fish be-
haved like migrating smolts, althoug several
were recaptured at fairly short distances from
the point of release. Except for two individu-
als released at Hellefoss and Svelvik and
caught at the site of release after 1 and 3 days
respectively, the distance between site of re-
lease and site of recapture varied between 20
and 470 km.

The average smolt migration speed varied
considerably between groups released at the
different sites, and apparently dependent on
where they were recovered (Table 2). The
smolts released at Gol were all recaptured
within the river system, and the average
speed of fish recaptured at three pooled areas;
river Hallingdalselv, Lake Kroderen and ri-
ver Snarumselv, was very similar. The relati-
vely short journey down the main river, from
the Kaggefoss/Hellefoss release sites is on
average fullfilled in about 2 days, i.e. withan
average speed of 13.4 km day-1. The passage
along the Drammen Fjord to the spring es-
tuary of Svelvik seems to be very variable
with an estimated mean speed of 3.7 km
day-l. Within the Oslofjord area 5 post-
smolts have been recaptured, 39 to 59 days
after release. One was released at Hellefoss
and four at Svelvik. Their average migration
speed was 0.9 km day-l. Only four post-
smolts were caught offshore in the Skagerak;
two released at Hellefoss and two at Svelvik.
Their speed of migration averaged 16.7 km
day-1.

DISCUSSION

The great majority of the hatchery-reared
smolts released at the four sites in the river
descended soon after release, only 3 of the 42
recaptures (7.1%) were assumed residents.

Table 2. Average migration speed (km day-1) and duration (as average time of days travelled from the point of release

to site of recapture) of smolts released at different sites.

. Migration
Site of Nos.
release Recapture area recaptured  Speed (X) Speed range Duration (X)
Gol R. Hallingdal 7 5.1 2.6—6.2 12.0
Gol L. Krgderen 7 43 1.2—73 25.1
Gol Below L. Kroderen 5 54 2.6—12.7 326
Hellef. R. Drammenselv 7 13.4 6.0—20.0 2.1
Kaggef. Drammensfjord 4 3.7 0.7—10.5 277
Hellef. Oslofjord 5 0.9 0.5—1.5 47.8
Svelvik Skagerak 4 16.7 10.6—20.5 235

19



All individuals in a salmon population do not
smolt and migrate to sea. Resident mature
males are common in wild populations (Jo-
nes 1959), and under hatchery conditions
parr maturity is also common and advanced
developmental rates seem to give higher fre-
quencies of early maturity (e.g. Thorpe
1989). From experiments carried out in the
River Imsa it has been demonstrated that sex-
ual maturity of parr reduces the probability
of a future seaward migration (Hansen et al.
1989). This is probably the most plausible
explanation why some «smolts» do not mi-
grate to sea after release.

It has been suggested that smolt migration
is aresult of a passive displacement (Tytler et
al. 1979, Thorpe et al. 1981), although it has
been argued that this migration is partly ac-
tive (Thorpe & Morgan 1978, Solomon
1978, Kennedy et al. 1984, Burgeois &
O’ Connell 1988). In the River Imsa Hansen
& Jonsson (1985) suggested that smolts
move actively into the main current of the
stream to avoid being caught in backwater
and sloughs. However, it was also observed
that smolt descended more slowly than the
current velocity of the river, but the smolts
moved more quickly downstream at high wa-
terflow than at low (Youngson et al. 1989).

The estimated speed of migration of the
smolts released at Gol were remarkably con-

. sistent, when comparing the recaptures re-
ported from the three different sections of the
river. We expected that the 38 km long Lake
Kroderen would reduce their speed of de-
scent, since it has been observed in the River
Imsa that hatchery-reared smolts released
above lakes with small through flow of water
were considerably delayed (Hansen et al.
1984). In the River Imsa smolt group relea-
sed in the river, about 1 km upstream the
smolt trap descended with average speeds
between 2.2 and 5.3 km day-1, which are in
the same order of magnitude than observedin
the present study. The comparable groups of
smolts released in lakes farther upstream mi-
grated with average speeds of between 0.2
and 1.3 km day-! (Hansen et al. 1984). Al-
though no data of water current speed in the
lake Krgderen are available, this lake is diffe-
rent from the lakes in the River Imsa system,
and characterized as very narrow and verti-
cally stratified.

The recaptures of the smolts released from
the closely located Kaggefoss and Hellefoss,
indicated that the fish moved relatively fast
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downstream the main river to the fjord. The
migration speed in the Drammen Fjord was
considerably lower, however, and about the
same as observed for smolts released at Gol
and recaptured in Lake Kroderen. This is in-
teresting since a pronounced outward current
above the halocline is present in this fjord,
however with varying strength and localiza-
tion dependent om the tide. A possible expla-
nation for the observed delay in migration
within this fjord may be that the rising tide
creates both current displacements and ed-
dies (Beyer 1976) to an extent that bring the
migratory smolts off track, i.e. the fjord in
fact equalizes a lake within a river system.

The post-smolts recaptured from the Oslo-
fjord area all showed a delayed migration
pattern with an estimated migration speed of
less than 0.9 km day-!. McCleave (1978),
Tytler et al. (1978) and LaBar et al. (1980)
tracking post-smolts in estuaries observed a
close relationship between direction of tidal
currents and the direction of post-smolt mo-
vement. Holm et al. (1982), however, trac-
king smolts in the estuary and fjord outside
the River Imsa, where the tidal currents are
negligible, observed that the movement of
surface water due to winds and effect of the
local coastal current also affected the pattern
of movement.

In the Oslo Fjord outside the Drgbak
Sound currents are mainly weak, with direc-
tion and strength largely dependent on wind
direction and air pressure and less on tide
(Braarud & Ruud 1937, Anon. 1987). This
creates quite unpredictable current systems
in the fjord which are supposed to cause the
delayed pattern of migration observed in the
present study. From observations of post-
smolts recaptured after release in River
Akerselv (Hansen 1986), an average migra-
tion speed of approximately 6 km day-! can
be estimated based on eight of the recoveries,
while the remaining six were probably resi-
dent. Compared with the data in the present
study the higher migration speed of the mi-
grants released in the River Akerselv could
be explained by more tidal dependent cur-
rents inside the very narrow and shallow
Drgbak Sound giving the post-smolts in the
inner part of the fjord a more consistent track
to follow than in the middle and outer parts.

The relatively high migration speed of the
post-smolts recaptured offshore on the Ska-
gerak partly depend on the Norwegian coas-
tal current. Thiscurrent flows along the coast



with a speed of 1 to 2 knots hr-! (Anon.
1987), which equals 45—90 km day-1. Al-
though the present observations indicate the
Drammen Fjord as an area where migrating
post-smolts are delayed, it seems reasonable
to suggest that the main bottleneck for the
migration post-smolts from the River Dram-
menselv is the Oslo Fjord due to its weak and
unpredictable current system.

When releasing hatchery-reared smolts in
rivers the timing of release is of great impor-
tance to the future performance of the fish. It
has been observed that smolts have to leave
freshwater during a short period in the
spring-early summer to give maximum survi-
val and return as adults (Larsson 1977, Cross
& Piggins 1982, Hansen 1987), and even so
for smolts released from saltwater (Hansen &
Jonsson 1989). The optimal time for the
smolts to leave the River Drammenselv sys-
tem is probably during the same period when
the wild smolts leave the river, which is in
May (Rosseland 1965). It is likely that the
smolts released at Gol will enter the sea when
the survival window has closed, and the ex-
treme low survival to the adult of smolts re-
leased at Gol suggested by provisional results
(L.P. Hansen in prep.) lend support to this.
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