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The sea migration patterns of the Atlantic salmon in the Baltic Sea was examined in a
crossing and transplantation experiments. Two genetically different salmon stocks origi-
nating from rivers Neva and Iijoki and their hybrids were released as smolts (6 561, 485
and 993 smolts, respectively) into the estuary of the Kymijoki, in the Gulf of Finland.
The spatial and temporal marine distributions of the experimental groups were ana-
lysed from tag recovery data received during 31/2 years (42 months) after release. The
recovery rate was 6.5%–17.5%. Multi-way contingency analysis showed that the spa-
tial distributions of the stocks differed in the sea. The feeding migration distance of the
hybrids was longer than that of the parental Neva stock, and the male line affected the
spatial marine distribution of the hybrids more than did the female line. Genetically
different parental stocks showed no significant difference in migratory behaviour in
this experiment. No differences were recorded in the temporal distributions of the stocks
in the sea. The observed differences confirm that the sea migration pattern is a stock-
specific, inherited trait. The longer migration pattern of hybrid stocks than that of pa-
rental stocks may be due to coadaptive gene combinations that break down in crossing
or to a high phenotypic variation in parents within the stocks.

Introduction

Atlantic salmon (Salmo salar L.)migrate from
their home rivers to the sea to exploit food re-
sources of the sea and to increase their growth
and reproductive output (Northcote 1984). The
sea migration can be divided into three phases:

post-smolt migration from the river to feeding
grounds, feeding migration of immature salmon,
and spawning migration of maturing salmon to
the natal stream. Post-smolts and feeding salmon
are generally thought to follow an innately directed
pattern of movement in space and time, and hom-
ing salmon to orientate by cues acquired during
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emigration (Brannon 1984, Healey and Groot
1987). Transplantation experiments show that
salmon usually return to their site of release
(Hansen and Jonsson 1994), although they stray
more commonly than locally adapted salmon
(Quinn 1993, Pascual and Quinn 1994). The hom-
ing ability of salmon has been associated with the
frequency of inherited local gene combinations
(Bams 1976, McIsaac and Quinn 1988). Compo-
nents of migration behaviour, e.g. the sea migra-
tion pattern, timing of migration, straying rate and
homing rate of a salmon stock, are thus inherited
traits (Hansen and Jonsson 1991, Pascual and
Quinn 1994), although environmental factors also
affect the migration behaviour of adult salmon
(Groot and Quinn 1987, Quinn and Leggett 1987,
Reddin and Shearer 1987, Kallio-Nyberg et al.
1999).

We examined stock-specific sea migration

patterns by comparing the spatial and temporal
marine distributions of tag recoveries of two ge-
netically different Atlantic salmon stocks and their
hybrids. The parental stocks were Neva and Iijoki
salmon, two strains whose feeding migration ten-
dencies had been reported to differ (Kallio-Nyberg
and Ikonen 1992). The Neva salmon released into
the Kymijoki or into their home river, the Neva,
both of which drain into the Gulf of Finland,
(Fig. 1; square 55), migrate into both the gulf and
the Baltic’s main basin to feed (Kazakov 1985,
Salminen et al. 1995). The Iijoki stock, when re-
leased into its northern home river, migrates far
south into the feeding areas of the Baltic’s main
basin (Kallio-Nyberg and Ikonen 1992). When
these same two strains were released into a river
(Kokemäenjoki) on the west coast of Finland in
an earlier experiment, their migration patterns
differed markedly. The bulk of the Neva salmon

Fig. 1. Map of the Baltic
Sea showing sea areas: the
Baltic’s southern main ba-
sin (Sub-divisions 23–26),
the Baltic’s northern main
basin (27–29), the Gulf of
Finland (32), the Bothnian
Sea (30) and the Bothnian
Bay (31). Some small (sta-
tistical) squares are num-
bered 53–57, 62–64, 37
and 7. The Kymijoki drains
into the Gulf of Finland
(square 55), Kokemäenjoki
into the Bothnian Sea
(square 37), and Iijoki into
the Bothnian Bay (square
7). The location of Laukaa
Fisheries Research and
Aquaculture hatchery sta-
tion is shown.
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(95%) remained near the release site in the
Bothnian Sea area (the southern Gulf of Bothnia;
see Fig. 1), only 4% of them being captured far-
ther south, in the Baltic’s main basin. In contrast,
most of the Iijoki salmon (61%) were captured to
the south of the Bothnian Sea, and only 39% of
them being captured in the Bothnian Sea (Kallio-
Nyberg and Ikonen 1992). The Iijoki stock was,
thus, expected to have a tendency to migrate far-
ther south than the Neva salmon.

The distribution of tag recoveries depends
partly on the fishery (Potter and Russell 1994).
However, when fishing is similar for all stocks,
and the stocks have the same relative catch rate,
the relative stock proportions can be estimated. If
the stocks are produced in the same way, are re-
leased at the same place and time and are equally
catchable and if no genetic differences exist in
their migration pattern, they should show similar
recovery distributions. To study the spatial and
temporal sea migration patterns and the inherit-
ance of the sea migration pattern, we analysed tag
recovery data with a multi-way contingency tech-
nique. First, we investigated the relationship be-
tween three variables: stock, recovery site and
recovery time. Then we examined the relation-
ship between three variables; female line, male
line and recovery site.

Material and methods

Salmon stocks

The two pure salmon stocks used in this study,
the Neva and Iijoki stocks, were hatchery-reared
and sea-ranched, but differed markedly in
allozyme analysis (Koljonen 1995). The Neva
stock originates from the Neva River, which drains
from Lake Ladoga in Russia into the Gulf of Fin-
land (Fig. 1). Neva salmon are maintained in Fin-
land with broodstocks and with the collection of
spawners in estuaries. They are released into the
Gulf of Finland and the Bothnian Sea in the estu-
aries of rivers in which the original wild salmon
stocks have become extinct. The other salmon
stock originates from the Iijoki, a northern river
draining into the Bothnian Bay. The Iijoki was
closed by a hydroelectric dam in the 1960s, and
the stock has since been maintained mainly with

broodstocks in hatcheries.
The straying rate of the released fish has been

low. Only 1.2% of the Neva salmon migrants re-
leased into the Kymijoki estuary were observed
in a foreign sea area, that is, the Gulf of Bothnia,
during the spawning migration (Ikonen and
Auvinen 1984). In our study, only one tag of each
release group (Neva/1yr, Neva/2yr, Iijoki and
hybrid) was recaptured in the Bothnian Sea area.
These fish were not included in the analysis.

Mating and rearing

The sea migration patterns of the Neva and Iijoki
salmon and their hybrids was studied in a crossing
and tagging experiment, the aim being to analyse
the sea distribution of the tag recoveries of two
genetically different salmon stocks and their hy-
brids when released in the same place. The
spawners were obtained from broodstocks kept at
the hatchery station of Laukaa Fisheries Research
and Aquaculture in central Finland (Fig. 1). The
parental Iijoki and Neva groups (released as 2-year-
olds) were mated in 1986 and the hybrid groups
(released as 1-year-olds) in 1987. All juvenile
groups were reared at the Laukaa hatchery station
under standard conditions. The Neva salmon usu-
ally reach the smolt stage as 1-year-olds due to
their rapid growth rate. The Iijoki salmon, which
originate from a more northerly river, need two
years to reach the smolt stage.

To create hybrids, eggs of Neva salmon were
fertilised with milt of the Iijoki salmon, and eggs
of Iijoki salmon fertilised with milt of Neva salmon.
The eggs of each female were fertilised with milt
of several, usually three, males. The fishes used
as parents in the hybrid and pure groups were not
the same individuals, because the experimental
groups were established partly in different years.
The released smolts were one or two years old.
Juveniles of each group were pooled after incu-
bation and the families of each group were reared
together. The smolts were marked with indivudual
Carlin tags before being released into the sea.
About 500 smolts were tagged in each hybrid
group and the parental Iijoki stock. Four groups
of about 500 smolts per group of the 1-year-old
Neva salmon, and seven groups of about 500
smolts per group of the 2-year-old Neva salmon
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were tagged (Table 1). All the fish were released
into the Kymijoki estuary, in the Gulf of Finland,
in May 1989 (Fig. 1; sub-division 32; square 55).

Recovery data

The place of capture was recorded according to
ICES (International Council for the Exploration
of the Sea) sub-divisions (23–32) and squares (53–
64) within the sub-divisions (Fig. 1). The migra-
tion area, determined by tag recoveries, was di-
vided into two (the Baltic’s main basin and the
Gulf of Finland) or three (the Baltic’s northern
and southern main basin and the Gulf of Finland)
parts for the analyses. The Baltic’s main basin
(MB) consisted of sub-divisions 23–29, and the
Gulf of Finland (GF) of sub-division 32. The Bal-
tic’s northern main basin (NMB) and southern
main basin (SMB) consisted of sub-divisions 23–
26 and 27–29, respectively (Fig. 1).

The distribution of salmon in the sea was ex-
amined for periods of 6 and 12 months after re-
lease. The periods were:

01–06 months = May–October 1989, first sum-
mer.

07–12 months = November–April 1989–1990,
first winter.

13–18 months = May–October 1990, second sum-
mer.

19–24 months = November–April 1990–1991;
second winter.

25–30 months = May–October 1991, third sum-
mer.

31–36 months = November–April 1991–1992,
third winter.

37–42 months = May–October 1992, fourth sum-
mer.

07–18 months = November–October 1989–1990,
first winter and second summer.

19–30 months = November–October 1990–1991,
second winter and third summer.

31–42 months = November–October 1991–1992,
third winter and fourth summer.

Sea migration was analysed separately for sum-
mer and winter months, because in summer (13–
18 months or 25–30 months in the sea) the mature
1-sea-winter and 2-sea-winter salmon return to their
release site. The period from November to April is
the main feeding migration season for salmon
(Lindroth et al. 1982); at least salmon caught in the
Baltic’s main basin during this period are on their
feeding migration. Here, the spawning, migrating
and feeding-migrating salmon could not be sepa-
rated, but the effect of maturation on the sea mi-
gration was taken into account by including recov-
ery time in the analysis.

The average total recovery rate of the fish re-
leased as 2-year-olds was 14.5% for the Neva
stock and 17.5% for the Iijoki stock. The recov-
ery rate of the fish released as 1-year-olds was
12.3% for the Neva stock and 9.0% for the hybrid
stocks (Table 1).

Fishery

Owing to the intensity and wide distribution of
offshore salmon fishing and the relatively high
recapture rate in the Baltic Sea, migration research
based on tag recovery data is feasible. The spatial
pattern of tag recoveries is, however, a result not
only of the migration pattern but also of the fish-
ery distribution. Still, if the groups have the same
growth rate, and also the same catch rate, the rela-
tive stock proportions can be compared. Moreo-

Table 1. Number of tagged and released smolts (n) and the recovery rate of the Neva, Iijoki and hybrid salmon
in the experiment. The smolts were released into the Gulf of Finland in 1989. Annual and total numbers of
recovered salmon and recovery rate (%) per stock are shown.
—————————————————————————————————————————————————
Stock/smolt age n Tag recovery rate

———————————————————————————————
1989 1990 1991 1992 Total %

—————————————————————————————————————————————————
Neva/1 1 994 9 128 80 27 247 12.3
Neva/2 4 617 74 288 254 45 672 14.5
Iijoki × Neva/1 493 0 14 12 6 32 6.5
Neva × Iijoki/1 500 0 26 27 5 58 11.6
Iijoki/2 485 4 44 33 3 85 17.5
—————————————————————————————————————————————————
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ver, if the fish are of the same size when being
fished, and if they migrate in the sea at the same
time they are equally catchable with all gear types
being used.

In the 1980s and 1990s, the majority of salmon
in the Baltic Sea were caught with driftnets and
longlines (Anonymous 1996). Driftnets were used
offshore in the Baltic’s main basin, where thw˙bulk
of the catch consisted of feeding salmon. In the
Gulf of Finland, most salmon were caught with
longlines offshore and with trapnets in coastal
areas (Salminen et al. 1995). In this area, salmon
released in 1980–1991 were mainly caught off-
shore and with longlines as 0-sea-winter- and 1-
sea-winter-olds (Salminen et al. 1995). The tag
returns in this study were not analysed by gear
type, because sufficient information was not avail-
able. The smolt groups compared were released
in the same year, and the fishery was thus as simi-
lar as possible for all groups.

Statistical analysis

Stock-specific differences in the migration pat-
terns were first examined by comparing the spa-
tial distributions of tag recoveries in different pe-
riods with the χ2 test. Recovery data were ana-
lysed with multi-way contingency tables (SAS:
The CATMOD procedure) (Anonymous 1989).
The independence of variables was analysed by
log-linear models. The variables were stock, smolt
age, female stock (maternal line), male stock (pa-
ternal line), recovery site and recovery time. The
goal of the analyses was to find the simplest
accepable model that would fit the data (parsi-
mony principle). The significance of the nested
models was tested with the value of the likeli-
hood ratio (G2) and the selected risk level (0.05)
as the criteria. The difference in the likelihood

ratios (G2) nearly follows a χ2 distribution.
Three log-linear analyses were conducted. In

the first analysis, we examined the effect of the
smolt age by studying the independence of the fol-
lowing three variables: the recovery site, recovery
time and smolt age, because the data included Neva
salmon groups released as both 1- and 2-year-old
smolts. For the analyses the tag recoveries were
divided into three sea areas and into three periods.
Neva salmon groups released as 1- and 2-year-old
smolts were included (Table 2).

In the second analysis, we examined the dif-
ference between pure and hybrid groups in the
sea migration behaviour by analysing the inde-
pendence of the following three variables: the
stock, recovery site and recovery time (Table 3).
The stocks were: Neva, Iijoki, Hybrid. The Neva
groups released as 1- or 2-year olds were pooled.
The reciprocal hybrid groups were also pooled in
this analysis. The classes of the recovery site were
the Baltic’s main basin and the Gulf of Finland.
The classes of the recovery time were 7–18, 19–
30 and 31–42 months in the sea.

In the third analysis, we examined the independ-
ence of the following three variables: the female
stock (maternal line), male stock (paternal line) and
recovery site. The classes for the paternal and ma-
ternal lines were the same, the Neva and Iijoki
stocks. The classes of the recovery site were the
Gulf of Finland and the Baltic’s main basin. The
Neva fish released as 1- and 2-year-old smolts were
pooled. Recoveries for the period 7–42 months in
the sea were included (Table 4).

The growth rate of the salmon stocks was stud-
ied for the salmon caught in the release square
(55) in the summer periods, when the spawning
migrants returned after 13–18 (second summer)
or 25–30 (third summer) months at sea. The sam-
ple sizes in the winter were too small for growth
analysis. The sea growth rate was estimated as

Table 2. Number of recoveries in three-dimensional contingency table. Variables: smolt age (1, 2), recovery
time (7–18, 19–30, 31–42 months in sea) and recovery site.
—————————————————————————————————————————————————
Recovery site: sea area Smolt age 1: Neva/1 Smolt age 2: Neva/2

Recovery time Revovery time
——————————————— ——————————————
7–18 19–30 31–42 7–18 19–30 31–42

—————————————————————————————————————————————————
Baltic’s southern main basin 1 6 3 5 6 1
Baltic’s northern main basin 18 5 4 43 16 6
Gulf of Finland 102 48 15 223 176 30
—————————————————————————————————————————————————
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the increment of length (length of caught fish–
total smolt length).

Results

All the stocks were caught in the Gulf of Finland
and the Baltic’s main basin areas (Fig. 2). In winter
months during their feeding migration, salmon were
captured 0–400 km from the release site in the Gulf
of Finland, and 400–1 000 km from the release site
in the Baltic’s main basin (Fig. 2). In the summer
months, salmon were caught mainly in the Gulf of
Finland (Fig. 3). Only one fish of each group (I/
2yr, H/1yr, N/1yr, N/2yr) was observed to have
strayed in the Gulf of Bothnia area (Fig. 1).

Effect of smolt age on recovery site and
time

The independence of the smolt age (A: 1, 2; Neva
salmon) of recovery site and recovery time was
first tested. The model, in which time (year, T: 3
classes) and recovery site (P: SMB, NMB, GF)
were independent of smolt age, fitted the data (H0:

A, PT: G2 = 15.11, df = 8, p = 0.057; Table 5).
This model, with an interaction between recov-
ery site and recovery time, was significantly bet-
ter than the model without the interaction (G2

A,P,T

– G2
A,PT = 16.1, df = 12 – 8 = 4; the critical value

of χ2 disribution at the 0.05 significance level was
9.48). In the comparison, the models with one and
two interactions showed that the addition of an
interaction between smolt age and recovery time
(year in the sea) increased the goodness of fit of
the model (G2

A,PT – G2
PT,AT = 7.3, df = 8 – 6 = 2; χ2

= 5.99; Table 5). Thus, the smolt age affected re-
covery year, but not the recovery site. The inter-
action between the recovery time and recovery
site meant that fish were caught at the different
sites in the different periods regardless of smolt
age. The interaction between the recovery time
and smolt age meant that fish released as 1- or 2-
year-olds were caught in different years. Because
the effect of the smolt age on the recovery site
was not significant, the spatial distribution of the
Neva, Iijoki and hybrid groups could be compared
despite the differences in the smolt age. In con-
trast, the possible stock-specific differences in the
temporal sea distribution could also be due to the
smolt age variation in the pooled data.

Table 3. Number of recoveries in three-dimensional contingency table. Variables: stock (Iijoki, Neva, Hybrid),
recovery site (Baltic’s main basin = MB and Gulf of Finland = GF) and recovery time (7–18, 19–30, 31–42
months in sea). The proportion of recoveries (%) in MB and GF per stock are also shown.
—————————————————————————————————————————————————
Stock Recovery site Recovery time (months in the sea)

————————————————————————————
7–18 19–30 31–42 %

—————————————————————————————————————————————————
Iijoki MB 10 4 1 21
Iijoki GF 30 25 2 79
Neva MB 67 33 14 16
Neva GF 325 224 45 84
Hybrid MB 13 6 1 31
Hybrid GF 24 11 9 69
—————————————————————————————————————————————————

Table 4. Number of recoveries in three-dimensional contingency table. Variables: female stock (maternal line)
(Neva, Iijoki), male stock (paternal line) (Neva, Iijoki), recovery site (Gulf of Finland, Baltic’s main basin).
—————————————————————————————————————————————————

Gulf of Finland Baltic’s main basin
———————————— ————————————
Male Male Male Male
Neva Iijoki Neva Iijoki

—————————————————————————————————————————————————
Female Neva 594 27 114 13
Female Iijoki 17 57 7 15
—————————————————————————————————————————————————
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Effect of stock on recovery site and time

Hybrids (reciprocal groups pooled) were caught
more frequently (29% and 39% of recoveries) in
the Baltic’s main basin than were Neva salmon
(Neva/1yr and Neva/2yr pooled, 13% and 18%)
in the first winter and second summer, and in the
second winter and third summer, respectively (Fig.
3). The Neva salmon showed the shortest migra-

tion pattern, and were caught more frequently (N/
1yr: 86%; N/2yr: 88%) in the Gulf of Finland than
were hybrid salmon (71%; χ2 test: N/1yr & H all:
p = 0.041 and N/2yr & H all: p = 0.005; Fig. 3)
during the first winter and second summer. Al-
though the Iijoki salmon tended to migrate far-
ther (7–18 and 19–30 months: 21% and 19%), no
significant difference could be found between the
Neva (13% and 18%) and Iijoki stocks in any
period in this experiment (χ2 test, I & N/2yr: 7–
18 months: p = 0.116 and 19-30 months: p = 0.847)
(Fig. 3).

Fig. 2. Spatial distribution of the Neva (N/1, N/2), Iijoki (I/2) and hybrid (H/1, reciprocal hybrid stocks pooled)
salmon stocks in 6-month periods (7–12, 13–18, 19–24, 25–30 months) after release into the Baltic Sea. 13–18
= summer months, when 1SW salmon return. 25–30 = summer months, when 2SW salmon return. The Baltic
Sea areas: Gulf of Finland (GF), northern main basin (NMB), southern main basin (SMB).

Fig. 3. Stock-specific spatial marine distributions in
periods 7–18 (Nov.–Oct. 1989–1990) and 19–30
(Nov.–Oct. 1990–1991) months after release. Stocks:
N = Neva, I = Iijoki, H = hybrid, N × I = hybrid with the
Neva females and Iijoki males. 1 yr and 2 yr = 1- and
2-year-old smolts at release. Sample sizes are shown
over the columns. The Baltic Sea areas: Gulf of Fin-
land (GF), northern main basin (NMB), southern main
basin (SMB).

Table 5. Effect of smolt age on spatial and temporal
marine distributions in the Gulf of Finland and in the
Baltic’s main basin. Log-linear models and tests of
independence between classified variables: smolt age
(A) (Neva: 1, 2), recovery site (P) (SMB, NMB, GF),
recovery time (T) (7–18, 19–30, 31–42 months in sea).
The contingency table with sample sizes is shown in
Table 2. Variables are expected to be independent
when separated by a comma and to interact when there
is no comma. H0 = null hypothesis; df = degrees of
freedom; G2 = likelihood ratio; °p-values indicate the
discrepancy between the model and the data; * shows
the models with best fit (p > 0.05).
————————————————————————
H0 df G2 °p
————————————————————————
A, P, T 12 31.2 0.001
T, AP 10 28.2 0.001
P, AT 10 24.0 0.007
A, PT 8 15.1 0.057*
AT, AP 8 20.9 0.007
PT, AP 6 12.0 0.060*
PT, AT 6 7.8 0.246*
AT, AP, PT 4 4.5 0.338*
————————————————————————
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complicated model, with the interaction between
the stock and site, and between the stock and time,
was even more highly compatible with the data
(H0: SP, ST: p = 0.158; Table 6), but it was not
significantly better than the one-interaction model
(G2

T,SP – G2
SP,ST = 7.22, df = 10 – 6 = 4; χ2

0.05 =
9.48). Thus, in accordance with the parsimony
principle, the catch site depended on the stock,
but the recovery time (year) was independent of
the stock.

In the Gulf of Finland, most recoveries were
made near the release site (squares 55–57; Figs. 1
and 4). The distributions of the hybrid and Iijoki
groups in the sea seemed to be similar, and their 1-
year-old fish were caught near the release site. The
Neva salmon, in contrast, were more widely dis-
tributed in the Gulf of Finland and were even caught
in the southern part of the Gulf of Finland (squares
62–64). They were caught in the second summer
200–400 km from the release site, in areas where
the Iijoki salmon and hybrids were not observed.
However, the spatial marine distributions of the 1-
year-old Neva and Iijoki salmon, 13–18 months
after release, did not differ significantly in the Gulf
of Finland (Fig. 4; χ2 test: p > 0.05).

Effect of paternal and maternal lines on
recovery site

The two reciprocal hybrid groups (Nevafemales ×
Iijokimales and Iijokifemales × Nevamales) both showed

Table 6. Effect of stock on spatial and temporal ma-
rine distributions in the Gulf of Finland and in the Bal-
tic’s main basin. Log-linear models and tests of inde-
pendence between classified variables: stock (S): Iijoki,
Neva (N/1 and N/2 pooled), hybrid salmon. Recovery
site (P): Baltic’s main basin, Gulf of Finland. Recovery
time (T): 7–18, 19–30 and 31–42 months after release.
The contingency table with number of recoveries is
shown in Table 3. Variables are expected to be inde-
pendent when separated by a comma and to interact
when there is no comma. H0 = null hypothesis; df =
degrees of freedom; G2 = likelihood ratio; °p values
indicate the discrepancy between the model and the
data; * shows the models with best fit (p > 0.05).
————————————————————————
H0 df G2 °p
————————————————————————
S, P, T 12 25.13 0.014
T, SP 10 16.49 0.086*
S, TP 10 20.77 0.022
P, ST 8 17.92 0.021
TP, SP 8 12.13 0.145*
SP, ST 6 9.27 0.158*
ST, TP 6 13.56 0.035
SP, ST, TP 4 5.55 0.235*
————————————————————————

Fig. 4. Spatial marine distribution of Neva (N/1; N/2)
and Iijoki (I/2) salmon and hybrid (H/1) salmon in Gulf
of Finland 13–18 months (May–October in 1990) and
25–30 months (May–October in 1991) after release.
Squares 55–57, 53–54, 62–64 are shown in Fig. 1.

Fig. 5. Stock-specific spatial marine distributions in
the Baltic Sea 7–30 months after release. Hybrid
groups are shown both separately and pooled (all).
Hybrids: N × I = Neva females and Iijoki males; I × N
Iijoki females and Neva males. The results of the χ2

tests are shown in the columns. The Baltic Sea
subareas: Gulf of Finland (GF), northern main basin
(NMB), southern main basin (SMB).

The genetic characteristics of the stock had an
effect on the migration distance but not on the
catch time. The one-interaction model with an
interaction between the stock and recovery site
was compatible with the data (H0: T, SP: p = 0.086)
(Table 6), and was significantly better than the
model without the interaction (G2

S,P,T – G2
T,SP =

8.64; df = 12 – 10 = 2; χ2
0.05 = 5.99). The more
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a long feeding migration pattern but differed to
some extent from each other (Figs. 3 and 5). In the
pooled data of the whole period of 7–30 months in
the sea, the offspring of the hybrid group with the
Neva females were caught slightly more frequently
in the Baltic’s main basin than was the parental
Iijoki salmon stock (χ2 = 2.80, p = 0.094) (Fig. 5).
The spatial marine distributions of the other hy-
brid group with the Iijoki females (Iijokifemales ×
Nevamales), and the pooled hybrid group did not dif-
fer significantly from the spatial distribution of the
Iijoki salmon (Fig. 5; χ2 test: p > 0.10).

The male parent had a stronger effect on the
recovery site of the hybrid strain than did the fe-
male parent. The two-interaction model, with one
interaction between recovery site and paternal line
and one between the paternal and maternal lines,
fitted the data (G2

FM, MP = 4.2, df = 2, p = 0.117;
Table 7). This two-interaction model was signifi-
cantly better than the model with only one interac-
tion between the female and male lines (G2

P, FM –
G2

FM, MP = 4.5, df = 3 – 2 = 1; χ2
0.05 = 3.84). Thus the

model in which the male stock but not the female
stock affected the spatial marine distribution of the
hybrid groups fitted the data best (Table 7).

Growth rate

The mean lengths of the Neva 2+ smolts and Iijoki
2+ smolts were the same, whereas those of the
two hybrid groups differed, the offspring group
with the Neva females being somewhat greater
(Hybrid: Neva × Iijoki: mean length ± SD: 15.3 ±
1.41 cm, n = 58 and Iijoki × Neva: 13.9 ± 0.62

cm, n = 32, t = –6.7, df = 84.8, p < 0.001). Both
hybrid smolt groups were smaller than the smolts
of the pure parental groups (Table 8). Until the
second summer, the growth rate and lengths of
the fish in all the groups measured on recapture at
the release site (square 55) were very similar.
However, in the third summer, the growth rate of
the the hybrid offspring was higher than that of
the Neva salmon, both caught at the same site. No
difference between the hybrid and Iijoki salmon
was observed (Table 8). The average difference
in the length between the Neva salmon groups
released as 1- and 2-year-olds decreased from 5
cm to 2 cm during the period of 0–25 months in
the sea.

Table 8. Mean smolt length (cm) of captured salmon (measured during tagging) and length increment (cm)
during 2 years in the sea (2SW fish). The 2SW fish were caught in the Kymijoki estuary 25–30 months after
release. The significance levels (p) of the t-test between stocks (&) are shown.
—————————————————————————————————————————————————
Stock Smolt 2SW fish

————————————— —————————————
n Length ± S.D p n Increment ± S.D p Stocks

compared
—————————————————————————————————————————————————
N/1† 247 16 ± 1.0 *** 36 69 ± 6.0 ** N/1 & H/1
H/1 90 14 ± 1.3 *** 7 77 ± 6.0 ** H/1 & N/2
N/2 671 21 ± 3.1 ns 111 66 ± 8.3 * N/2 & I/2
I/2 86 22 ± 3.1 *** 17 71±10.8 ns I/2 & H/1
—————————————————————————————————————————————————
† Neva salmon/1-year-old smolts at release.

Table 7. Effect of paternal and maternal lines on spatial
marine distributions in the Gulf of Finland and in the
Baltic’s main basin. Log-linear models and tests of
independence between classified variables: recovery
site (P) (MB, GF), female stock (maternal line) (F)
(Neva, Iijoki), male stock (paternal line) (M) (Neva,
Iijoki). The contingency table with number of recoveries
is shown in Table 4.
————————————————————————
H0 df G2 °p
————————————————————————
P, F, M 4 249.4 0.000
M, FP 3 247.5 0.000
F, MP 3 245.0 0.000
P, FM 3 8.7 0.033
FP, MP 2 243.1 0.000
FM, MP 2 4.2 0.117*
FM, FP 2 6.7 0.033
FM, FP, MP 1 4.2 0.038
————————————————————————
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Discussion

Stock-specific migration pattern

Analysis of the recovery data with a multi-way
contingency technique showed that the catch site
of salmon was not independent of the genetic char-
acteristics. The proportion of the parental Neva
salmon caught in the Gulf of Finland, near the
release site, was higher than that of the hybrid
stocks. The analysis of the spatial distribution with
the χ2 test showed that the hybrid stocks migrated
into the Baltic’s main basin for feeding more fre-
quently than did the Neva salmon stock. Moreo-
ver, no significant difference was observed in the
migration behaviour of the parental stocks in this
environment. The results obtained here differed
in this respect from earlier reports of differences
between the Neva and Iijoki stocks (Kallio-
Nyberg and Ikonen 1992). In the Gulf of Bothnia,
the Iijoki salmon tended to have a far-migratory
pattern and the Neva stock a short-migratory pat-
tern (Kallio-Nyberg and Ikonen 1992). The lack
of differernce between the parental stocks here, is
most likely linked to the ability of the Neva salmon
to migrate into the Baltic’s main basin from the
Gulf of Finland; they did not migrate from the
Bothnian Sea. Maybe better food resources in the
Gulf of Finland than in the Bothnian Sea also in-
duced the Iijoki salmon to stay for feeding in the
gulf. Consequently, both the environmental and
genetic traits had an effect on the sea migration
pattern.

Stock-specific variations in sea migration be-
haviour are reported in both Atlantic and Pacific
salmon. The transplantation experiments by
Pascual and Quinn (1994) on chinook salmon
(Oncorhynchus tshawytscha) showed that the
marine distribution of these salmon was a stock-
specific trait. The other components of migration
behaviour — seasonal return pattern (Hansen and
Jonsson 1991b), straying pattern (Pascual and
Quinn 1994) and accuracy of homing (McIsaac
and Quinn 1988) — are likewise likely to have a
stock-specific component but are also influenced
by environmental conditions.

The sea migration of salmon can be regarded
as an adaptation to improve foraging success,
growth and reproductive output (Northcote 1984).
We can therefore expect the inherited spatial ma-

rine distribution of salmon stock to be in relation
to the location of the feeding grounds and their
distance from the home river. Distant migration
is very likely an adaptive behavioural trait for the
Iijoki salmon, because only scant food is avail-
able for post-smolts and adult salmon in the
Bothnian Bay (northern Gulf of Bothnia; see Fig.
1), near the marine entry of the home river
(Salminen et al. 1994). The short-migratory pat-
tern of the Neva salmon is also related to their
original environment, because there are feeding
grounds for salmon in the Gulf of Finland, near
the native area of the Neva stock (Salminen et al.
1995). Brannon (1984) postulated that when
salmon enter the marine environment they have
an innate directional preference or sequence of
preferences that orientate them into their ances-
tral feeding range. He also reported that transplan-
tation to another river system changes the sea dis-
tribution of recoveries to some extent but that
transplantation within the same river system, with-
out changing the entry into the sea, does not
change the migration pattern in marine waters. In
accordance with his ideas, the Iijoki stock released
at a foreign point of marine entry followed the
innate long distance migration pattern. In this case,
although released into the Gulf of Finland, the
Iijoki salmon migrated to the feeding grounds in
the Baltic’s main basin, to which they also mi-
grate when released in their native northern area.
It is possible that they were guided by environ-
mental factors, for example, surface currents in
the sea. Despite the long distance between the
foreign release site and the location of their home
river, the Iijoki salmon seemed to have as precise
a homing ability in this foreign environment as
had the Neva salmon in their sea area.

Inheritance of migration pattern

The crossing experiment conducted between the
two salmon stocks with different spatial marine
distributions revealed the inheritance of the mi-
gration pattern. The spatial sea distributions of
the hybrid offspring differed from those of the
pure parental groups released at the same place
and time. Moreover, the reciprocal hybrid groups
had different sea migration patterns. The male
parent had a slightly stronger effect on the spatial
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distribution of the offspring in the sea than had
the female parent.

One assumption is that the marine distribu-
tion of salmon is a polygenic trait and its genetic
variation is mainly additive. In that case, the hy-
brids should have an intermediate manifestation
to those of the parental stocks. Here, however,
both hybrid groups migrated farther than did the
parental stocks. Such a change in a phenotypic
trait may be due to loss of adapted gene combina-
tions in crossing and non-additive genetic varia-
tion. Salmon populations are widely differenti-
ated and adapted to local environments. This ad-
aptation is controlled by a combination of genes,
genes in many loci being selected for their joint
effect on fitness. Some stock-specific adaptive
characters may even appear because of epistatic
interactions (Falconer and Mackay 1996). If the
stock-specific feeding migration pattern is con-
trolled by several coadapted genes, crossing may
break these combinations, and the sea migration
of the offspring in the F1 generation will then dif-
fer from that of the parents. The crossing did not,
however, increase the straying rate; straying was
no more common among the hybrid offspring
groups than it was among the parental stocks, at
least over long distances.

Another reason for the unexpected, long feed-
ing migration of the hybrids might be the large
phenotypic and genetic variation in the parental
stocks. The experimental groups were not the best
possible because they were partly established in
different years. Hence the parents in the hybrid
and pure groups were not the same individuals. In
addition to the genetic variation between stocks,
the genetic variation within a stock could have an
effect on the phenotypic variation between the
groups. Had the female parents in the parental and
hybrid groups been the same individuals, the hy-
brid offsprings might have resembled their mother
stock more partly due to the greater similarity in
genotype, but also due to the similarity in mater-
nal effects (Falconer and Mackay 1996).

Smolt age and size and migration pattern

The recovery rate varied among experimental
groups, increasing with the mean smolt size of
the group. This phenomenon in salmon has been

connected with the better survival of large smolts
after release than that of small smolts (Salminen
et al. 1995). The different recovery rate of the
experimental groups was thus more likely linked
to the different smolt size than to genetic factors.

Smolt age had no significant influence on the
catch site, but it did have an effect on the catch
time. Other authors (Hansen and Jonsson 1991a,
Salminen et al. 1994) have noted that the smolt
age influences the migration behaviour of the re-
leased salmon to some extent. The minor differ-
ence we documented was consistent with the find-
ings of the Neva salmon transplantation experi-
ments conducted in Norway, in which a large pro-
portion of the 2+ Neva smolts remained in a fjord
in their first sea year, but the 1+ Neva smolts left
the fjord soon after release (Hansen and Jonsson
1991a). Our experiments showed a similar slight
difference between the 1+ and 2+ Neva salmon
groups. In the first winter, the Neva salmon re-
leased as 1-year-olds seemed to be caught more
frequently in the Baltic’s main basin than were
the Neva salmon released as 2-year-olds (Fig. 3).
If small smolts tend to migrate greater distances,
as previously observed in the Iijoki stock
(Salminen et al. 1994), then the inherent differ-
ence in the spatial distribution between the pa-
rental Neva (1+ and 2+ smolts) and Iijoki stocks
(2+) was even greater than the difference we ob-
served.

Another likely reason for the somewhat larger
frequence of the 2+ Neva smolts in the Gulf of
Finland is that they were more catchable during
the first sea winter. Salminen et al. (1995) showed
size-selective post-smolt fishing mortality of large
smolts in the Gulf of Finland for releases in 1980–
1991. The largest smolts started to recruit in the
longline fishery in the first sea year in the Gulf of
Finland. The rise in the recapture rate of adult
salmon levelled off when the smolt size exceeded
22 cm (Salminen et al. 1995). In our study, the
mean lengths of the 2+ Neva and 2+ Iijoki smolts
were 21 and 22 cm, respectively. It is reasonable
to suppose, then, that the 2+ smolts were, to some
extent, more catchable in the first sea year.

Acknowledgements: We thank Dr. Esa Ranta, Dr. Esa
Lehikoinen and Dr. Irma Saloniemi for critically reading
the manuscript and offering many helpful suggestions. Two
anomynous reviewers made useful comments on early ver-
sion of the manuscript. Gillian Häkli corrected the English
of the manuscript.



174 Kallio-Nyberg & Koljonen • BOREAL ENV. RES. Vol. 4

References

Anonymous 1996. Report of the Baltic Salmon and Trout
Assessment Working Group. International Council for
the Exploration of the Sea. ICES C.M. 1996/ Assess:
12.

Anonymous 1989. SAS Institute Inc., SAS/STAT User’s
Guide, Version 6, Fourth Edition, Volume 1, Cary, NC:
SAS Institute Inc., 1989. 943 pp.

Bams R.A. 1976. Survival and Propensity for Homing as
Affected by Presence or Absence of Locally Adapted
Paternal Genes in Two Transplanted Populations of Pink
Salmon (Oncorhynchus gorbuscha). Journal of Fish-
eries Research Board of Canada 33: 2716–2725.

Brannon L.E. 1984. Influence of Stock Origin on Salmon
Migration Behaviour. In: McCleave J.D., Arnold G.P.,
Dodson J.J. & Neill W.H. (eds.), Mechanisms of mi-
gration in fishes. Nato Conference Series. Series IV:
Marine Sciences, Volume 14. Plenum Press. New
York.USA. pp. 103–111.

Falconer D.S. & Mackay T.F.C. 1996. Introduction to Quan-
titative Genetics. Fourth edition. Longman. Harlow,
UK. 464 pp.

Groot C. & Quinn T.P. 1987. Homing migration of sockeye
salmon, Oncorhynchus nerka, to the Fraser River. Fish-
ery Bulletin 85 (3): 455–469.

Hansen L.P. & Jonsson, B. 1991a. Effect of smolt age on
migratory behaviour of Baltic salmon, Salmo salar L.,
transplanted to the east Atlantic. Aquaculture and Fish-
eries Management 22: 357–362.

Hansen L.P. & Jonsson B. 1991b. Evidence of a genetic
component in the seasonal return pattern of Atlantic
salmon, Salmo salar L. Journal of Fish Biology 38:
251–258.

Hansen L.P. & Jonsson B. 1994. Homing of Atlantic salmon:
effects of juvenile learning on transplanted post-
spawners. Animal Behaviour 47: 220–222.

Healey M.C. & Groot C. 1987. Marine Migration and Orien-
tation of Ocean-Type Chinook and Sockeye Salmon. In:
Dadswell M.J., Klauda R.J., Moffitt C.M., Saunders,
R.L., Rulifson R.A. & Cooper J.E. (eds.), Common Strat-
egies of Anadromous and Catadromous fishes. Ameri-
can Fisheries Society Symposium 1, pp. 298–312.

Ikonen E. & Auvinen H. 1984. Migration of salmon in the
Baltic Sea, based on Finnish tagging experiments.
Anadromous and Catadromous Fish Committee. ICES
C.M. 1984/M: 4.

Kallio-Nyberg I. & Ikonen E. 1992. Migration pattern of
two salmon stocks in the Baltic Sea. ICES Journal
Marine Sciences 49: 191–198.

Kallio-Nyberg I, Peltonen H. & Rita H. 1999. Effect of
stock-specific and environmental factors on the feed-
ing migration of Atlantic salmon (Salmo salar) in the
Baltic Sea. Canadian Journal of Fisheries and Aquatic
Science 56. [In press].

Kazakov R. 1985. Condition of fish stock, yield to fishery

and migrations of Atlantic salmon from rivers of the
USSR to the Baltic Sea. Finnish Fisheries Research 6:
43–54.

Koljonen M.-L. 1989. Electrophoretically detectable genetic
variation in natural and hatchery stocks of Atlantic
salmon in Finland. Hereditas 110: 23–35.

Koljonen M.-L. 1995. Distinguishing between resident and
migratory Atlantic salmon (Salmo salar) stocks by ge-
netic stock composition. Canadian Journal of Fisher-
ies and Aquatic Science 52: 665–674

Lindroth A., Larsson P.-O. & Bertmar G. 1982. Where does
the Baltic salmon go? In: Müller K. (ed.), Coastal re-
search in the Gulf of Bothnia. Dr. W. Junk Publishers,
The Hague, Netherlands. pp. 387–413.

McIsaac D.O. & Quinn T. P. 1988. Evidence for a heriditary
component in homing behavior of chinook salmon
(Oncorhynchus tshawytscha). Canadian Journal of
Fisheries and Aquatic Science 45: 2201–2205.

Northcote, T. G. 1984. Mechanisms of migration in rivers.
In: McCleave J. D., Arnold G. P., Dodson J. J. & Neill
W.H. (eds.), Mechanisms of migration in fishes. Nato
Conference Series. Series IV: Marine Sciences. Ple-
num Press. New York. USA, pp. 317–355.

Pascual M.A. & Quinn T.P. 1994. Geographical patterns of
straying of fall chinook salmon, Oncorhynchus
tshawytscha (Walbaum), from Columbia River (USA)
hatcheries. Aquaculture and Fisheries Management
25(2): 17–30.

Potter E.C.E. & Russell I.C. 1994. Comparison of the dis-
tribution and homing of hatchery-reared and wild At-
lantic salmon, Salmo salar L., from north-east England.
Aquaculture and Fisheries Management 25(2): 31–44.

Quinn T.P. 1993. A review of homing and straying of wild
and hatchery-produced salmon. Fisheries Research 18:
29–44.

Quinn T.P. & Leggett W.C. 1987. Perspectives on the ma-
rine migration of diadromous fishes. In: Dadswell M.J.,
Klauda R.J., Moffitt C.M., Saunders R.L., Rulifson R.A.
& Cooper J.E. (eds.), Common strategies of ana-
dromous and catadromous fishes. American Fisheries
Society Symposium 1, pp. 377–388.

Reddin D.R. & Shearer W.M. 1987. Sea-surface tempera-
ture and distribution of Atlantic salmon in the North-
west Atlantic Ocean. In: Dadswell M.J., Klauda R.J.,
Moffitt C.M., Saunders R.L., Rulifson R.A. & Cooper
J.E. (eds.), Common strategies of anadromous and
catadromous fishes. American Fisheries Society Sym-
posium 1. pp. 262–275.

Salminen M., Kuikka S. & Erkamo E. 1994. Divergence in
the feeding migration of Baltic salmon (Salmo salar
L.); the significance of smolt size. Nordic Journal of
Freshwater Research 69: 32–42.

Salminen M., Kuikka S. & Erkamo E. 1995. Annual vari-
ability in survival of sea-ranched Baltic salmon, Salmo
salar L.: Significance of smolt size and marine condi-
tions. Fisheries Management and Ecology 2: 171–184.

Received 12 June 1998, accepted 7 April 1999



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00083
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


