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1. INTRODUCTION

Till the middle of this century, traditional salmon fishing methods were frequently
used in catching salmon in the Bothnian Bay rivers, Large salmon weirs made of
wood, stones and nets were characteristic of that time, and also drifting nets and
dipnets were used in river fishing. Daily booked information on the catches and their
composition were obligatory in this fishery. No similar follow-up was established in
the coastal trapnet fishery of salmon. However, some documents of fish markets can
be used for a coarse follow-up of the daily coastal salmon catches and their
composition. In this report, the spawning migration of adult salmon has been studied
by utilising the above mentioned historical catch data from the River Tornionjoki and
Bothnian Bay. The report also reviews the literature of the migratory behaviour of
adult salmon.

The Finnish Game and Fisheries Research Institute has been exploring methods to
provide adult salmon passage estimates in the Tornionjoki. The most promising results
to date have been achieved with hydroacoustics. Funding for a project to establish
monitoring by hydroacoustic means is being provided by the EC from 1997 to 1999.
As part of the project this report provides some background information of the
migratory behaviour of adult salmon needed for setting up a monitoring system and

creating the theoretical basis for species recognition from the hydroacoustic data.

Many people have been involved with the compilation of the data. The river data were
compiled with the help of Kauko Vaara. Bothnian Bay data were provided by Alpo
Tervo and Alpo Tuikkala and organised by, among others, Marja-Liisa Liedes. We
would like thank all of you.




2. MATERIAL

2.1 Catch data on the River Tornionjoki
Data on salmon caught in the River Tornionjoki were collected in 1933-1957. Most of
the salmon were caught at Kiviranta weir and at other sites near the mouth of the river

(Fig. 1, Tables 1 and 2).
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Figure 1. The location of the study area, fishing sites and data on
hydrological conditions.




The size of the annual reported catch varied from 56 to 7885 fish (Fig. 2). The catch
data consisted of information on the individual weight (rounded to the nearest
kilogram) of the fish, the fishing date and the site where salmon were caught. Salmon
were classified by weight into three size classes for analysis (Table 2). Caught salmon
were not aged, but it can reasonably be assumed that salmon weighing 1 or 2 kg were
mainly one-sea-winter (1SW) salmon called also as grilse and salmon weighing 3 kg

or more were mainly multi-sea-winter (MSW) salmon.
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Figure 2. Total annual catches (number) in the Tornlonjoki in 1932-1957.
Total catches of salmon (MSW and 1SW salmon pooled) and of grilse
(1SW) are shown separately. Y33= year 1933 and so on.

Table 1. Fishing sites in the Tornionjoki and distance from the sea along
the river.

No. Site Village Gear Distance
(km)
1 Kiviranta Kiviranta weir 6
2 Sumisaari Alavojakkala weir 10
7 Paasin pato Kukkola weir weir 18
8 Niskapato Kukkola weir 20
3 Lake Karunki Karunki drifting nets 25
23 Mustasaari Karunki drifting nets 30
9 Selkasaari Korpikyla net weir 40
10 Maasaari Korpikyla net weir 40
11 Vonkaniska Korpikyla dipnet 40
22 Kallicisen niemi Korpikyla dipnet 40
4 Marjosaari-Palosaari  Kaulinranta weir 80




Table 2. Number of salmon caught at different sites in the Tornlonjoki.
Size classes are shown separately. MSW salmon = multi-sea-winter
salmon. 1SW = one-sea-winter salmon (grilse).

Size classes of salmon

Fishing site > 6 kg (Large MSW) _ 3-6 kg (Small MSW) < 3 kg (1SW) TOTAL
Kiviranta 8261 9551 7039 24851
Sumisaari 239 145 203 587
Paasin pato 41 28 - 69
Niskapato 8 13 g 21
Lake Karunki 1636 2629 89 4354
Mustasaari 1674 793 36 2503
Selkidsaari 3 1 - 4
Maasaari 2 - - 2
Vonkaniska 4 3 - 7
Kallicisen niemi 1 - - 1
Marjosaari-Palosaari 1390 1511 121 3022
TOTAL 13259 14674 7488 35421

2.2 Data on fish wholesaler in Bothnian Bay

Catch data collected from the receipts of a fish wholesaler consisted of information on
daily purchases made in 1926-1961 (Fig. 3). In the receipts, number of fish and weight
of catch were pre-divided into three size classes. The class limits seemed to be similar
to those chosen for the Tornionjoki data. Therefore salmon in the smallest size class
were called as 1SW salmon (grilse) and the two larger size classes were assumed to
consist of MSW (small and large) salmon. However, no data was available on the
individual weight of fish. Majority of the salmon were caught by trapnets in Bothnian
Bay, at the R. Iijoki estuary (Fig. 1).
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Figure 3. Total annual cetches (number) in Bothnlan Bay. Data on fish
wholesaler in 1926 - 1961. Total landing (MSW and 1SW spawners) and
landing of grilse (1SW) are shown separately. Y26= year 1926 and so on.




The catch likely consisted of a mixture of the R. Iijoki salmon and salmon from the
other rivers in the northern Bothnian Bay (Romakkaniemi et al. 1995). There may be a
lag of about a day between the fishing time and the date of the contract of purchase.

2.3 Data on hydrological conditions

The salmon run was analysed in relation to the water level in the river and the
temperature of the sea surface water (Fig. 4). In addition, the seasonal run of salmon
was analysed in relation to the breakup date of ice on Bothnian Bay coast (Leppéranta
and Seind 1985). Water level was reported daily at Kukkolankoski, 18 km upstream
from the mouth of the river. The temperature of sea water was reported daily during

the ice-free season in the open sea in Bothnian Bay (Plevna) (Fig. 1).
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Figure 4. Range of water level at Kukkolankoski and sea surface
temperature in Bothnian Bay (Plevna) during May-September in 1933-
1957. Periods: JN1 = June 1-10, JN2 = June 11-20, and so on.

2.4 Methods

River and sea data were analysed separately, becanse they were collected and
documented in different ways and because the salmon catches consisted of salmon of
partly different origin. The data used in the analysis were classified into size classes.
The mean catch date (mean time of a catch at a fishing site) was calculated from the
sum data by taking a weighted mean. Otherwise weighting was not used.




3. RESULTS

3.1 Seasonal timing of spawning migration

Salmon were caught in the Tornionjoki mainly during the summer months, that is,
June, July and Aungust. The catch of multi-sea-winter (MSW) salmon peaked during
the period July 1-10 (Fig. 5), one month after the first catches. The frequency of one-
sea-winter (1SW) salmon was greatest in July 21-31.
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Flgure 5. Salmon catches (number of spawners) perlodically during the
spawning run In the Tornionjokl In 1833-1957. Size classes, large MSW
salmon (> 6 kg), small MSW salmon (3-6 kg), and grilse or 1SW salmon (<
3 kg), are shown separately. Perlods: JN1 = June 1-10, JN2 = June 11-20,
and so on.

The frequencies of MSW salmon (> 3 kg) were greatest in July 1-10 at the fishing
sites 6, 30 and 80 km upstream from the estuary in 1933-1957 (Fig. 6). The value of
comparison is, however, impaired by the fact that salmon were partly caught in
different years in the different places. In 1933, the peak of MSW salmon was during
June 20-30 at the lowest site (Kiviranta), but during July 1-10 at the uppermost site

(Marjosaari-Palosaari at Kaulinranta). Also in 1935 the catch peaked earlier at




Kiviranta than at Kaulinranta. In 1934 and in 1936 the highest frequency of MSW

salmon at Kiviranta was in the same or in later period as at Kaulinranta (Fig. 7).
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Figure 6. Number of MSW salmon (> 3kg) periodically at three fishing

sites along the Tornionjoki in 1933-1957. Salmon were partly caught

at

different sites in different years. Distances upstream from the sea are

shown. Periods: JN1 = June 1-10, JN2 = June 11-20, and so on.
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Catches peaked at about the same time at the different fishing sites in the pooled data
(Fig. 8). The mean time of the catches of small (3-6 kg) MSW salmon was not delayed
by an increase in the migration distance in the river in the annual data (Fig. 9). Salmon
were caught seasonally at about the same time both at Kiviranta-Alavojakkala, 6-10
km upstream from the sea, and at Kaulinranta, 80 km upstream,
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Figure 8. Number of salmon spawners (MSW and 1SW) caught at five
sites along the Tornionjoki during spawning runs in 1933-1957. Sites:
Kiviranta (1); Sumisaarl (2); Lake Karunki (3); Marjosaari-Palosaari
(Kaulinranta) (4); Mustasaari (Karunki) (23). Periods: JN1 = June 1-10,
JN2 = June 11-20, and so on.

RUN (DAYS AFTER JUNE 1)
50 VEAR
a5 4
40 :
‘ | | —=— 1933
a5 - Eo
; I P ——— 1934
30 Iy
I ———— 1935
25 — i
|| —— 1936
20 !
| —— 1943
15 | ;
[ —«— 1945
10 + |
5 |
0- : i
510 s30 880 SITE
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The salmon catches in Bothnian Bay peaked in June in 1926-1961. Large MSW
salmon (> 6 kg) were mainly caught in June and 1SW salmon in July and in August
(Fig 10). The large MSW salmon were caught, on average, 10-20 days later in the
Tornionjoki than in the R. Ljoki estuary in Bothnian Bay (Fig. 11).
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Figure 10. Total catches (number) during salmon spawning run in
Bothnlan Bay in 1926-1961. Periods: JN1 = June 1-10, JN2 = June 11-20,
and so on.
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Figure 11. Mean catch dates of large MSW salmon (> 6 kg) in Bothnian
Bay and In the Tornionjokl by year. Y33= year 1933 and so on.
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3.2 Timing of spawning migration and size of spawners

3.2.1 River Tomionjoki

Salmon caught at the beginning of the spawning migration season were larger than
those caught at the end of the season (Fig. 12). The mean weight of migrants was
almost 10 kg at the beginning of June but under 4 kg in August. Site specific
differences in the mean size could be found. For instance, weight of salmon decreased
from 10 kg to 2 kg in summer at the Kiviranta fishing site (Fig. 13) and from 11.5 kg
to 6.5 kg at Karunki (Mustasaari) (Fig. 13).
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Figure 12. Weight of salmon (MSW and 1SW salmon pooled) periodically
during the fishing season. Median {circle, s), upper (square, %) and lower
(triangle, A) quartiles, mean (rhomb, ¢) and the number of catches (+) are
shown. Total number of caught salmon is shown in the Table 2. Periods:
JN1 = June 1-10, JN2 = June 11-20, and so on.
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Figure 13. Weight of salmon (MSW and 1SW salmon pooled) periodically
at Kiviranta and Karunki (Mustasaari) during the fishing season. Median,
upper and lower quartiles and mean are shown. Periods: JN1 = June 1-
10, JN2 = June 11-20, and so on.

The mean weight of caught salmon decreased during the spawning run in all size
classes (Fig. 14). The median weight of small MSW salmon was 5 kg in June and 4 kg
in August in the catch of the whole river. The same decreasing tendency could be seen
in all size classes in the catch at Kiviranta during the season ( Fig. 14).

1SW salmon (< 3kg) accounted for 28% of the catch at Kiviranta, but for only 4% at
Palosaari (Table 2). The mean weight of salmon varied from place to place, with a
slight tendency to increase with distance from the river mouth (Fig. 15). No grilse
were caught at Kukkola or Korpikyld, 20 km and 40 km upstream from the estuary,
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respectively (Fig. 15). On the other hand, the median weight of MSW salmon (> 3 kg)
was fairly low at these sites (Fig. 16)
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Figure. 14. Median weight of large MSW salmon (> 6 kg), small MSW
salmon (3-6 kg) and 1SW salmon (< 3 kg) in the Tornionjoki as a whole

and at Kiviranta periodically during spawning migration. Periods: JN1 =
June 1-10, JN2 = June 11-20, and so on.

14



WEIGHT OF S8ALMON (G} RIVER TORNIONJOKI

10000 /\
//l\// \n
8000 T —— Q1
8000 N\\\? Mo
= / - —— Q3 |

D5 D3 D23 D8 D4 SITE
10 20 25 30 40 80 DISTANCE

«l
3

Figure 15. Welght of salmon (MSW and 1SW salmon pooled) at fishing
sites in the Tornionjoki. Medlan (MD), upper (Q3) and lower (Q1) quartiles
and mean are also shown. Distances upstream from the sea are shown
below the site number. D1, D2, D3, D4 and D23 refer to the site numbers
given In Table 1. D1 = Kiviranta, D2 = Sumisaarl, D5 = the fishing sites at
the village of Kukkola pooled, D3 = Lake Karunkl, D23 = Mustasaari, D6 =
the fishing sites 9, 10, 11 and 22 in the village of Korpikylé are pooled.
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Figure 16. Median weight of MSW salmon (> 3 kg) at catch sites in the
Tornionjoki. Sites have the same numbers as in Fig. 15.
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3.2.2 Bothnian Bay

The weight of salmon decreased throughout the fishing season (Fig. 17). Large MSW
salmon (> 6 kg) weighed from 10 to 8 kg during the season (Fig. 18). The weight of
small MSW salmon (3 - 6 kg) decreased from 5 kg to 3 kg and that of grilse from 3 kg
to 1 kg.
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Figure 17. Median weight of salmon periodically during the spawning
geason in Bothnian Bay catch. All the years are pooled. Number of
salmon is shown in Fig. 5. Periods: JN1 = June 1-10, JN2 = June 11-20,

and so on.
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Figure 18. Medlan weight of the large (> 6 kg) and small MSW (3-6 kg)
salmon and 1SW salmon (< 3 kg) during the season. Years 1926-1961
pooled. Periods: JN1 = June 1-10, JN2 = June 11-20, and so on.
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Most large MSW salmon (> 6 kg) were caught during the period June 1-10 (Fig. 19).
Small MSW salmon (3-6 kg) were mainly caught during June 20-30 and July 1-10 and
grilse during August 1-10.
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Figure 19. Number of large and small MSW salmon and grilse during the
fishing season in Bothnian Bay. All the years are pooled. Perlods: JN1 =
June 1-10, JN2 = June 11-20, and so on.
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3.3 Speed of spawning migration in the river

The mean annual catch dates between the different fishing sites indicate that the speed
of spawning migration of MSW salmon (> 3 kg) varied greatly. (Table 3). According
to the mean cach dates, the speed of spawning migration from the lowest site,
Kiviranta, to the uppermost site, Kaulinranta, was 14.8 km/day in 1933 and 18.5
km/day in 1945. In 1934-1936 the mean catch date at Kiviranta was the same or even
later than the mean catch date at Kaulinranta. Also the peak catches were observed
later at Kiviranta than at Kaulinranta in some years (see chapter 3.1). This indicates
that catches were not unbiased estimates of the intensity of upstream migration. From
Karunki to Kaulinranta, a distance of 50 km distance, the migration speed of MSW
salmon ranged from 3.3 to 25.0 km/day. The mean catch date was always earlier at
Karunki than at Kaulinranta.
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Table 3. Annual timing of spawning migration (mean catch date) of MSW
salmon (> 3 kg) at three fishing sites, 6, 30 and 80 km upstream from the
river mouth, and speed of spawning migration (km/day) calculated from
differences in mean catch dates and distance between the sites. Catches
from Lake Karunki and Karunki (Mustasaari) were pooled.

Difference and (speed),

Kiviranta/ 6 Karunki/ 30  Kaulinranta/ 80 days and (km/d)
Year mean date mean date mean date Kiviranta- Karunki-
Kaulinranta Kaulinranta
1933 July 4 June 24 July 8 +5 (14.8) +15 (3.3)
1934 June 29 June 23 June 29 0 +6 (8.3)
1935 July 15 July 9 July 11 -4 +2 (25.0)
1936 June 30 June 23 June 29 -1 +6 (8.3)
1945 July 8 July 1 July 12 +4 (18.5) +11 (4.5)

The speed of spawning migration seemed to be about the same in all size classes
between Karunki and Kaulinranta (Table 4). The speed of large MSW salmon (> 6 kg)
was 3.3-10 km/day as calculated from the differences between mean run dates. The
speed of small MSW salmon was 4.5-12.5 km/day of 1SW salmon 2.6-12.5 km/day.

Table 4. Speed of upstream migration of salmon between Karunki and
Kaulinranta fishing sites annually. Distance between Lake Karunki and
Kaulinranta is 55 km and between Karunki (Mustasaari) and Kaulinranta
50 km.

Year Size  Karunki, Karunki, Kaulinranta, Speed.
class 25 km 30 km 80 km Km/day
1935 large July 6 July 11 10.0
1936 large June 23 June 29 8.3
1943 large June 28 July 13 3.3
1944 large July 5 July 18 3.8
1935 small July § July 11 83
1936 small June 24 June 28 12.5
1943 small June 29 July 10 4.5
1944 small July 7 July 14 7.1
1933 1SW July 4 July 25 2.6
1934 1SW  July 12 July 17 11.0
1943 1SW July 4 July 16 4.1
1944 1SW July 9 July 13 12.5
1945 1SW July 4 July 22 3.0
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3.4 Annual variation in timing of spawning migration

3.4.1 River Tomionjoki

The annual mean time of the spawning migration of MSW salmon seemed to vary
within 2-3 weeks in the Tornionjoki. The earliest mean catch date of MSW salmon (>
3 kg) was June 29 and the latest date July 18 (48 days after June 1) (Fig. 20). The
earliest mean catch date of grilse (< 3 kg) was July 8 in 1952 and the latest date
August 2 in 1949. At Kiviranta, MSW salmon (> 3 kg) were caught most frequently
during the period June 20 - July 20 in 1933-1955 (Fig. 21). The annual mean catch
date was between June 29 - July 30. In Lake Karunki the largest number of spawners
was caught during the period July 1-10, varying from June 10-20 to July 1-10 (Fig.
21). The annual mean catch time was between June 23 and July 19. At Marjosaari-
Palosaari the peak catch of MSW salmon (> 3 kg) was in July 1-10, varying from June
10-20 to July 10-20 (Fig. 21). The annunal mean catch date was between June 29 and
July 8.
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Figure 20. Timing (mean catch date, days after June 1) of the spawning
migration of MSW salmon (> 3 kg) and grilse (< 3 kg) annually in the
Tornionjoki. Annual number of salmon is shown in Fig. 1. Y33= year 1933
and so on.
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3.4.2 Bothnian Bay

The annual mean catch date varied within 6 weeks in 1926-1961. However, the mean
catch date varied mostly only within 3 weeks. The earliest mean catch date of MSW
salmon (> 3 kg) was June 9 in 1946 (n = 30) and the latest July 21 in 1943 (n = 56)
(Fig. 22). The mean catch date of the run was in June in 1926-1940, but in July in
1952-1958 (Fig. 23). Most MSW salmon (> 3 kg) were caught in June in 1920 - 1949,
but in July in the 1950s and 1SW salmon in July (8 cases ) or August (13 cases) in
1926 - 1961 (Fig. 22).
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Figure 22. Annual timing of spawning migration (mean catch date) of
MSW salmon (> 3 kg) (square) and 1SW salmon (< 3 kg) (triangle) In

Bothnian Bay in 1926-1961. Y26= year 1926 and so on. Sample size
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Peak catches occured most frequently during the period June 1-10 in 1926-1959 (in 10
out of 30 years) (Fig. 23). The annual peak catches occured sometimes also during
May 20-30 and June 10-July 20.
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Figure 23. Number of salmon periodically and annually in Bothnian Bay.
The mean catch dates are also shown. Periods: MA2 = May 11-20, MA3 =
May 21-31, and so on. Y26= year 1926 and so on.
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3.5 Long-term changes in size of salmon and timing of run

The mean weight of salmon decreased in the Tornionjoki from 1933 to 1957. (Fig.
24). The average weight of migrants was 7 kg in the 1930s and 5 kg in the 1940s and
1950s. The weight of migrants caught in Bothnian Bay also decreased from 1926 to
1960 (Fig. 25). The median weight of salmon was usually about 8-10 kg in the 1920s
and 1930s and 6-8 kg in the 1940s and 1950s. The decrease in weight was most
marked for MSW salmon (> 3 kg) (Fig. 26). Also the proportion of MSW salmon in

the catch declined (Fig. 27).

WEIGHT OF SALMON {G) SAMPLE SIZE

250

T 150

T 100

T 50

Figure 24. Annual weight of saimon In the Tornlonjokl catch in 1933-
1957. Median (circle) and upper (square) and lower (trlangle) quartiles
and mean (rhomb), and the number of catches (plus sign) are shown.

Number of fish is shown in Fig. 1. Y33= year 1933 and so on.

WEIGHT OF SALMON (G) |—0—qy
14000 —&—MEDIAN

Figure 25. Median weight of salmon annually In Bothnian Bay. Number of

fish is shown In Fig. 4. Y26= year 1926 and so on.

23




EIGHT OF SALMON (G |
a0 Ew IGHT O ON (G) BOTHNIAN BAY |

112000 A
1

: |
i Yad
i 10000 W\/

SIZE CLASS

I
N A

| —e—3-6KG

: '/
8000 -/

6000

S
|
moow e

2000 s, =
. VS T Yy

| —=— <3KG

o O s © @ 9 O W @™ O
YEAR
NEgYgPBBIEFIEREERE

Figure 26. Median weight of large MSW (> 6 kg) and small MSW (3-6 kg) salmon
and 1SW (< 3 kg) salmon annually in Bothnian Bay. Number of fish is shown in Fig,
27. Y26= year 1926 and so on.
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Figure 27. Number of large MSW (> 6 kg), small MSW (3-6 kg) and 1SW (<
3 kg) salmon in Bothnian Bay catch in 1926-1961. Y26= year 1926 and so
on.

MSW salmon seemed to enter the Tornionjoki later in the1950s than the 1930s (Fig.
20). The decrease in salmon size together with the delay in the run can also be seen at
Kiviranta and Kaulinranta salmon catches (Fig. 28). The run was also delayed in
Bothnian Bay with a decrease in the weight of salmon in 1926-1961 (Fig. 29). The
mean weight of salmon was 2-3 kg lower in 1940-1961 than in 1926-1939 in all
periods of the season in Bothnian Bay (Fig. 30).
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Figure 28. Weight and run timing (mean catch date) of MSW salmon {> 3
kg) at Kiviranta and Kaulinranta annually. Number of fish is shown in Fig.
21. Y33= year 1933 and so on.
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Figure 29. Weight (median) and mean catch date of MSW salmon (> 3 kg)
in Bothnian Bay in 1926-1961. Number of fish s shown in Fig. 27. Y26=

year 1926 and so on.
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Figure 30. Mean weight of salmon in 1926-1939 and 1940-1961
periodically during the season in Bothnian Bay together with number
catches. Number of caught salmon are shown in Fig. 3 and Fig. 10. .
Periods: MA2 = May 11-20, MA3 = May 21-31, and so on.
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3.6 Timing of spawning migration and seasonal hydrological

conditions

3.6.1 Sea surface temperature

The annual sea water temperature in Bothnian Bay (Plevna) during the period June 10-
20 correlated negatively with the timing of catches of small and large MSW salmon (t
=-0.683,p=0.042,n =9 and r = -0.796, p = 0.010, n = 9, respectively) (Fig. 31). The
timing of catches of grilse (< 3 kg) in the Tornionjoki did not correlate with the sea

water temperature (r = -0.093, p=0.773, n = 12).

The sea surface temperature invariably exceeded 10 °C (10.8 - 18.7 °C) during the
periods, when the largest number of fish (> 3 kg) were caught at Kiviranta (Table 4).
The sea water temperature also exceeded 10 °C (10.3 - 15.5) during the periods (June
20-30, July 1-10, July 10-20) of mean catch dates (Table 5) in 1933-1955.

Table 5. Sea surface temperature during the periods when the largest
number of MSW salmon (> 3kg) were caught at Kiviranta In 1933-1955.
Mean catch dates of spawning migration at Kiviranta are also shown.

Year Mean catch date Period of peak catch Water temperature during the
peak caich, C°
1933 July 4 June 20-30 11.8
1834 June 29 June 20-30 110
1935 July 5 July 1-10 1286
1936 June 30 June 20-30 14.5
1938 Juty 12 July 1-10 12.2
1938 July 3 June 20-30 10.8
1943 July 3 June 20-30 11.5
1944 July 19 July 20-30 13.1
1945 July 8 July 20-30 18.7
1949 July 1 July 20-30 23
1951 July 8 July 1-10 11.5
1955 July 16 July 10-20 15.5
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Figure 31. Surface water temperature during the period June 10-20 in
Bothnian Bay (Plevna) and mean catch date of small (3-6 kg) and large (>
6 kg) MSW salmon in the Tornionjoki. Results of correlation analysis are
shown covering 1933-1936, 1938-1939, 1943, 1945 and 1951.
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3.6.2 Water ievel

The maximum and minimum water levels during June 10-20 or June 20-30 did not
correlate with the mean catch date of large MSW salmon in 1933-1957 in the
Tornionjoki (June 10-20; max. and min. water level & run: r = 0.33, p = 0.221, n =15
and r = 0.47, p = 0.072, n = 15, respectively). In 1933 the water level was highest
during June 10-20 and the peak catch of salmon at Kiviranta was caught 10 days later.
In 1934 the mean water level was highest during May 10-20 and the peak catch at
Kiviranta was taken 40 days later, during June 20-30 (Fig. 32). The relative water
level was 161-212 mm at the measuring point, when the salmon run peaked at
Kiviranta (>3 kg) in 1933-1939 (Fig. 33)
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Figure 32. Water level at Kukkola and timing of run of MSW salmon (> 3
kg) periodically during the season in the Tornionjoki in 1933 and 1934.
The fishing sites, Kiviranta (1), Alavojakkala (2), Karunki (3) and
Kaulinranta (4), are also shown in Table 1. Periods: MA1 = May 1-10, MA2
= May 11-20, and so on.
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Figure 33. Number of MSW salmon (> 3 kg) at Kiviranta and water level
periodically at Kukkola in 1933-1936 and 1938-1939. Periods: JN1 = June
1-10, JN2 = June 11-20, and so on.

3.6.3 Ice breakup date

The ice breakup date and the mean catch date of large MSW salmon correlated
positively in 1933-1957 (Fig. 34) (r = 0.514; p = 0.049; n = 15). The ice breakup date
did not correlate with the time of the catch of small MSW salmon (r = 0.329; p =
0.230; n = 15) or 1SW salmon (r = 0.437; p=0.103, n = 15).
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Figure 34. Ice breakup date in Bothnian Bay and mean catch date of
large MSW salmon (> 6 kg) in the Tornlonjoki during 15 years between
1933 and 1957.
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4. DISCUSSION AND LITERATURE REVIEW

4.1 Seasonal run

4.1.1 General features of homeward migration

Active return migration of anadromous salmon begins already in the sea after the
active feeding migration (Quinn 1984). The homeward migration of salmon is an
oriented and rapid event (Healey and Groot 1987) directed by cues acquired during
emigration (Brannon 1984). The routes of the return migration to coastal waters
depend on the sea surface temperature (Groot and Quinn 1987). Homing, the ability to
return to the home river or release site, is usually fairly precise in wild salmon, but less
so in translocated salmon, which stray more frequently (Pascual and Quinn 1994,
Mclsaac and Quinn 1988, Jonsson et al. 1991), Sea-ranched salmon ascend rivers Iater
and descend sooner after spawning than wild fish (B. Jonsson et al. 1990, 1991). Wild
and farmed salmon may also move differently in the rivers (@kland et al. 1995,
Heggberget et al. 1996). Migration behaviour in the sea and in rivers is controlled by
genes and the interannual variation in environmental factors (Saunders 1967, Bams
1976, Power et al. 1987, Groot and Quinn 1987, Pascual and Quinn 1994). Atlantic
and Baltic salmon (Salmo salar) enter rivers in the summer and autumn months
(Jensen et al. 1986, Webb and Hawkins 1989, Mckinnell et al. 1994, Hansen et al.
1995). Atlantic salmon (Salmo salar) show stock-specific variations in life history
traits, e.g., migration behaviour and size and age at maturity (Saunders 1981). Stock
differentiation is a result of adaptation to local eavironments, and the homing
behaviour of salmon maintains reproductive isolation (Leggett 1977).

We showed here that from 1930’s to 1950°s, the spawning migration of salmon in the
Tornionjoki lasted throughout the summer (3-4 months) and that the run seemed to
peak usually in the late June - mid-July. So, the run was more intensive early than late
in the season. We also found that the timing of the migration was associated with size
at maturity of the spawners and also with annual hydrological conditions at the sea
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near the river mouth. An interesting development in the time series was that the size at

maturity decreased and the timing of the migration delayed from 1920’s to 1960’s.

4.1.2 The effect of life history characteristics of salmon on the migratory behaviour

Large, old salmon tend to return earlier in the season than small, young ones in both
the sea and rivers (Kallio & Pruuki 1987, N. Jonsson et al. 1990, Ikonen and Kallio-
Nyberg 1993, McKinnell et al. 1994, Trépanier et al. 1996). Moreover, female salmon
are reported to have an earlier run than males (McKinnell et al. 1994, Kailio-Nyberg
1995). Grilse can enter small rivers earlier than multi-sea-winter salmon if water flow
is a limiting factor (N. Jonsson et al. 1990). Large salmon with an early run spawn in
the upper parts and small salmon with a late run in the lower parts of a stream
(Saunders 1967, Hawkins 1987, Summers 1995, 1996). Early running fish also tend to
have spent longer in freshwater as juveniles than later running fish (Saunders 1967). A
study of Kallio and Pruuki (1987) on the Tornionjoki salmon stock indicated that large
female spawners that had spent four years in the river were the first to migrate
upstream during the season, and the frequency of salmon spawners with two river

years was higher in the lower part than in the middle or upper parts of the river.

Our study clearly supports earlier findings that the largest salmon migrate first in the
sea and also enter first in the river. The decrease in the size among ascenders was
constant throughout the summer except that some large salmon appeared again very
late in the season. Large, very late running salmon were caught both in the sea and in
the Tornionjoki. The proportion of grilse was much higher in the catch near the river
mouth than in the catch further up in the river. This might indicate that grilse spawn in
the lower parts of the river than MSW salmon. However, this can also be an artefact
caused by differences in fishing periods and fishing methods.

4.1.3 The effect of meteorological and hydrological conditions on the migratory
behaviour
Timing of river entry has been associated with several characteristics, including
meteorological and hydrological conditions, and the length and physical difficulty of
the ascent (Saunders 1981, Hawkins 1989, N. Jonsson 1991). Water flow and water
temperature are the factors most frequently cited as controlling the seasonal timing

and rate of upstream migration of salmon in rivers (Banks 1969, Jensen et al. 1986,
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Hawkins 1989, Jensen at al. 1989, N. Jonsson 1991, Hansen et al. 1995, Trépanier et
al. 1996). An increase in water temperature and river flow is reported to have caused a
significant ascent of salmon (Jensen et al. 1986), In Atlantic salmon, most fish were
observed to enter freshwater during the hours of darkness (Potter 1988). The
importance and level of the environmental factors in regulating the salmon run are
specific to individual rivers (Jensen et al. 1986, Jonsson 1991). The salmon ascent
does not usually start until the water temperature reaches the value specific for the site
and water flow reduces the level specific for the stream (N. Jonsson 1991).

Here, the timing of catches of MSW salmon correlated positively with the seasonal
time of the ice breakup date and negatively with the sea water temperature measured
during June 10-20. These findings indicate that salmon migrate earlier during warm
springs than during cold springs. In the Tornionjoki, the peak water level in springtime
was over when the spawning run of MSW salmon peaked, but no other links could be
found. Unfortunately, no data was available on the water temperature in the river.

The catch data in the river was based on fishing gears, which were more or less prone
to fishing conditions. During the peak flood, fishing was probably less intensive and
also less effective. It took also time to establish large salmon weirs in the river. This
must be taken into account especially when studying the intensity of the early part of
the run or effects of hydrological conditions on the run timing. The mean timing of the
salmon run estimated from the catches is probably biased towards late season because

of this phenomen.,

4.2 Speed of spawning migration

The movement of both water and fish results in a displacement, Thus, the locomotor
capacity of fish, the movement of water and the directness of the movement should all
be taken into account in analyses of fish migration (Quinn and Leggett 1987). The
optimum speed of the return migration of sockeye salmon in the sea is calculated to
be about 2 kmvh, and salmon cannot sustain speeds greater than about 5 kmv/h (Quinn
and Groot 1984). Tagging experiments in the Baltic indicate that the return migration
of salmon from the southern Main Basin of the Baltic to Bothnian Bay (about 1400
km) is very fast, about 40 km/day (Carlin 1969). The ground speeds of maturing
Pacific salmon studied with depth-sensing ultrasonic transmitters were 1.9-2.4 km/h
(47-57 km /day) in the open sea (Ogura and Ishida 1995). In the home river estuary,
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the movement of spawners may also be random and net progress slow, 10 km/day, or
then movement may be more oriented, showing a net progress of approximately 25
km/day (Westerberg 1982). The average swimming speed in the river has been
assumed to be about 3.3 km/day (Lapointe 1993).

On the basis of earlier findings, our rough evaluations of the speed of upstream
migration in the Tornionjoki are realistic. The salmon were, however, caught with
different gears and under varying conditions in the river. Thus, catches are not

necessarily concomitant with the actual spawning run.

4.3 Long-term changes in size at maturity and timing of run

Analyses of catch data have revealed long-term fluctuations in the size of Pacific and
Atlantic salmon (Jérvi 1948, Ricker 1981, Larsson 1983, Healey 1986, Summers
1995), Historic information on the size and age of Pacific salmon in several stocks
demonstrates that size declined between 1951 and 1975, but increased between 1975
and 1981 (Healey 1986). The decrease in size could be a consequence of genetic
selection of size-selective fishery. The increase in size and failure of some stocks to
demonstrate similar changes in size support the hypothesis that size changes could
also be a consequence of long-term variations in the ocean environment (Healey
1986). Larsson (1983) speculated that changes in age-specific size of Baltic salmon
stocks were caused by environmental rather than genetic factors. Several reasons have
been given for the increase in Baltic salmon size between 1982 and 1992: a decrease
in the driftnet effort; abundant prey fish stocks; and warm winters (Karlsson and
Karlstrém 1994).

The decrease observed here in the size of spawners caught in the estuary of the R.
Tijoki was not stock-specific, but the annual mean weight of spawners declined in
several salmon stocks of the Gulf of Bothnia during that time (Jirvi 1948, Lindroth
1965). The decrease in size of spawners was observed to be associated with a delay in
the time of upstream migration. Both traits, growth and time of return are known to be
inherited characteristics upon which selection may act (Hansen and Jonsson 1991).
The change in time of return is probably secondary, being a consequence of changes
in the sea age and size of salmon at the run. We can reasonably assume that similar
changes in salmon stocks at the same time are affected by common factors in the sea,
although causal influences are unexplained in the Baltic Sea and Atlantic Ocean
(Summers 1995).
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