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In the present report the daily seaward migrations of the
brown trout (Salmo trutta m. frutta L.) smolts, grown in natu-
ral conditions in Pomeranian rivers: the Molstowa, surveyed for
one season, the Gowienica—for five seasons, and the Osow-
ka—for two seasons, were analyzed. The intensity of the mi-
grations was related to the water temperatures and the moon
phases. The above studies were based on a total of 5593 acqu-
ired smolts.

INTRODUCTION

Migrations of smoits of the brown trout (Salmo frutta morpha fruita Linnaeus, 1758)
(Krzykawski et al. 1984), grown in the natural conditions in a number of Pomeranian rivers:
the Gowienica, Molstowa, OsOwka, Parseta, and the Rega were studied by Chetkowski
(1978, 1990, 1993), Chetkowski et al. (1981, 1994), and Debowski et al. (1992). A limited
mformation on the migration of smolts of the Atlantic salmon and the brown trout in the
lower Parseta was provided also by Eichelbaum (1916).

It seems that the results of 24-hour cycle sampling of the trout smolts in the Molstowa
River drainage basin, within one season of their downstream migration, in the Gowienica
River for five seasons, and in the Osdéwka River in two seasons related to the water tempe-
ratures.and the moon phases may shad more light on the details of such migrations in Pome-
ranian rivers.

MATERIAL AND METHODS

The present publication was based on the smolts of the brown trout acquired from the
three rivers located in the western part of Polish Pomerania, and being a part of the drainage
area of the Baltic Sea: the Motstowa River, the Gowienica River, and the Osowka River.
The Motstowa River is a secondary, right-bank tributary of the Rega River, the Gowienica
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15'B empties directly to the Szczecin La-
MORZE EAZTYCKIE | goon (Oderhaff), and the Osdwka is
a secondary, left-bank tributary of the
lower Odra River (Fig. 1). The smolts
of the Motstowa River represented

54N

one sampling season from 21 March
to 15 June 1979. The smolts of the

Gowienica represented five suc-

cessive sampling seasons within
1980-1984, lasting form 1 March to
15 July. The smolts of the Osowka,
representing two sampling seasons
were caught within 21 March—-15 July
1985 and within 1 March-15 July
1988.

Fig. 1. Location of the Motstowa, Gowienica, and
Osoéwka rivers and the sampling sites (x) of
the trout smolts The Motstowa River drainage

basin covers 377.1 km® (Anony-

mous 1949). The river length is
55 km, and the average adjusted vertical drop rate of the bottom is 1.4%.. Smolts for the
present studies were acquired from the lower Motstowa River in the vicinity of the Mot-
stowko village. The width of the distinctly shaped river bed, at the trout smolt collection
site, was 8 m. The downstream migration of the smolts within the drainage basin all the way
down to the capture site, had not been disturbed by any physical obstacles. The shortest
water distance from the sampling site to the Baltic Sea is 29 km.

The Gowienica River drainage basin covers 364.9 km” (Anonymous 1949). The river
length is 79.5 km and the average adjusted wertical drop rate of the bottom is 0.84%o.
Smolts for the present studies were caught in the Jower Gowienica River in the vicinity of
the village of Widziensko. The width of the distinctly shaped river bed, at the smolt collec-
tion. site, was 8.5 m. The downstream migration of the smolts, within the drainage basin, all
the way down to the capture site, had not been disturbed by physical obstacles until 1980.
Within 1981-1984 the migration was slightly disturbed by a weir retaining water for a trout
farm in the village of Loznica, located on the main river, 12.1 km upstream from the smolt
collection site. The shortest water distance from the sampling site to the Balsic Sea is 48 km.

The Osdwka River drainage basin covers some 7.3 km®. The length of the Osdwka is
13 km, and the average adjusted vertical drop rate of the bottom is about 8.0%o. Smolts for
the present studies were acquired from the middle stretch of the Osdéwka in the proximity of
Biata LesniczoOwka—a forest community. The seaward migration of the smolts within the
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drainage basin, all the way down to the capture site had been undisturbed. The shoriest wa-
ter distance from the sampling site to the Baltic Sea is 70 km.

In the Molstowa and Gowienica, the smolts were acquired by means of a fyke net,
barring the river. In the Osowka the smolts were caught by means of a trap placed in an
outlet box on a small, flow-through pond located on the river run. The fishing gear was
checked daily at 7:00 and 19:00 and the smolts acquired then were assumed to constitute
the daily catch (terms “day” and “daily” refer in the present work to 24-hour periods). At
the time of the morning acquisition, the water temperature was recorded to the nearest
0.1°C. The migration periods, as well as the number of the acquired trout smolts in the re-
spective rivers and the respective seasons are shown in Table 1. All catches combined yiel-
ded a total of 5 593 brown trout smolts.

Table 1
Periods and quantities of the trout smolts acquired in the respective rivers and seasons
Description of the smolt migration season Number of
River Year Date Number | Days of actual | Pause | the acquired
Start - End of days migration days smolts
Molstowa 1979 19 April - 8 June 51 47 4 3197
Gowienica | 1980 12 April - 12 June 62 56 6 917
Gowienica | 1981 24 March - 10 June 79 34 45 110
Gowienica | 1982 27 March - 28 May 63 37 26 219
Gowienica | 1983 2 April - 31 May 60 49 11 355
Gowienica | 1984 9 April - 18 June 71 41 30 409
Osowka 1985 6 April - 11 June 67 25 42 111
Osowka 1988 5 March - 21 May 78 23 55 275
Mean values 66 39 27
Total 5593

The smolts acquired had grown, in the natural conditions, from the feeding alevins
that the upper streams of the drainage basins were stocked with. Only the Osoéwka smolts
acquired in 1988 had grown from 10-week-old fry, previously released to the river.

The phases of the moon during the migrations of the trout smolts were determined based
on the Astronomical Annals (Anonymous 19791985, 1988). The days constituting the half
of the periods between the respective ephemerides were considered to belong to a given phase.

The materials presented in the present paper were partly used in the publications of
Chetkowski (1990, 1993) and Chetkowski et al. (1981, 1994).

RESULTS

The materials presently analyzed enabled to construct graphs of the daily relative abun-~
dance (in % of the total catch of a season} of the smolts migrating downstream within the respec-
tive eight studied seasons, with relation to the water temperature and the moon phases (Fig. 2 A-H).
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Motstowa River - season of 1979

" ® L)) o O @

167 bty
147
127

-+ -
10 A o .

- FEE e Sl
B .

P
4+
:-F”_‘_ 1./:\:\ o—n—t=n=1 \./r"‘l' b -

19 21 23 25 27 2 1 3 5 7 9 11 13 16 17 18 21 23 25 271 28 31 2 4 6 8

April May June

Gowienica River - season of 1980

+-® © O 0 @ © O © e

18 ¢
'
16 "
I oo
“1 ;T
12 P oy $
o » .5 " b A -
10 7§ ¥ spo, -l P P -.‘_.‘ * -a
-
B & i o e ——b
T 4
6 ¥-0-¢ * s g
4+
24
eV S
o™ o * = = =+ =t ey - 8
1214161820 224262830 2 4 6 8 101214161820 2224262830 1 3 5 7 9 11
April May June

. Gowienica River - season of 1981

»>® @ © O ® 8 © O ¢ & ©

A 7"
f e mim Bw - fu_ = R = =
24 27 30 2 & & 1t 14 17 20 23 26 28 2 5 & 11 i4 17 20 23 26 28 1 4 7 10

March April May June




2D. Gowienica River - season of 1982
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2F. Gowienica River - season of 1984
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2G. Osdwka River - season of 1985
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2H. Os6wka River - season of 1988

m@ooooeeooé

bd
i
50 ;
a
‘\
40 I' oz
. |.
0 i —b
l ‘
! 1
20 ‘ R
: re R T N e
10 Kot e
P ‘~...a ceetes o Py n
"‘”ax:‘ha-‘""&"".-‘ s .{ A Y ‘-.__‘Migr(. PV TN s .
0 adut
5 8 11 14 17 20 23 28 29 1 4 7 10 13 1? 1€ 2 25 2B 1 4 7 10 i3 16 18
March - April May

Fig. 2. Daily (24 h) relative abundance values (“b” in %) of the migrating trout smolts in the
respective rivers and seasons with relation to the water temperature (“a” in °C) and
moon phases (&—first quarter, O—fool moon, @—Ilast quarter, @—new moon)

Catches of the fish in the Molstowa in the season of 1979 yielded a total of 3 197
smolts of the brown trout. These smolts were descending within a period of 51 days, betwe-
en 19 April and 8 June, in the water temiperatures ranging from 6.0 to 16.0°C. The smolt
migration begun at the last quarter of the moon, lasting through 7 successive ephemerides,
and ended at the fool moon.

There had been two major periods of the intensive smolt migration in the Motstowa.
The first, with the relative abundance of 41.6% of the acquired fish, occurred within a pe-
riod of 20 April-5 May in the water temperatures ranging from 6.0 to 9.3°C. The second,
with 58.4-% abundance of the acquired smolts, occurred within a period of 9 May—8 June,
in the water temperatures of 7.4-16.0°C. Within the periods mentioned above, there were
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two peaks in the intensity of migrations. The first, with 21.0-% abundance of the collected
fish, occurred within a period of 27-29 April and the second, with 30.4-% abundance of the
gathered fish, occurred within 16-18 May. The first peak in the migration intensity of the
trout smolts in the Molstowa, occurred during the new moon phase in the water temperatu-
res of 6.4-9.3°C, while the second peak—in the last quarter of the moon in the water tem-
peratures of 12.3—15.0°C.

There were two pauses during the period of smolt migration. The first, 3-day-long, occur-
red within 6-8 May, between two major periods of intensive migration. The second, lasting
one day only, was reported on 25 May in the final days of the migration (Tabs. 1, 2; Fig. 2A).

Table 2
Riverine temperatures (in °C) at the sampling sites at the time of spring migrations
of the trout smolts
River Year Migration season | Temperature | Average tempe- | Average tempe-
Start-End range rature of season | rature of river

Molstowa 1979 19 April-8 June 6.0-16.0 10.8 10.8
Gowienica 1980 12 April-12 June 5.1-18.4 10.4
Gowienica 1981 24 March-10 June 5.3-18.6 11.3
Gowienica 1982 27 Mairch-28 May 5.2-17.7 9.7 111
Gowienica 1983 2 April-31 May 5.7-16.5 11.0
Gowienica 1984 9 April-18 June 8.2-18.7 12.7
Osowka 1988 6 April-11 June 4.4-19.0 12.1 11.0
Oséwka 1985 2 April-21 May 5.5-15.0 9.6 )
Range 4.4-19.0
Mean values 5.7-17.5 11.0 11.0

In the Gowienica River, in the season of 1980, a total of 917 smolts of the trout was
acquired. These smolts were migrating downstream within a period of 62 days, between
12 April and 12 June, in the water temperatures ranging from 5.1 to 18.4°C. The smolt mi-
gration begun at the new moon, covering 8 successive ephemerides, and ended again at the
new moon.

The presently gathered results show the presence of two periods of intensive migra-
tion The first, with 33.7-% abundance of'the acquired fish, occurred within a period of 12-25
April in the water temperatures of 5.5-10.4°C. The second, with 50.1-% abundance of the
acquired fish, occurred within a period of 26 April-12 May, in the water temperatures
ranging from 7.2 to 10.6°C. There were two peaks in the intensity of migrations within the
periods men#oned above. The first, with 16.1-% abundance of the collected fish, occurred
within 17-18 April and the second, with 34.0-% abundance, occurred within 5-11 May.
The first peak in the migration intensity occurred during the new moon phase, in the water
temperatures of 9.5-10.4°C, while the second peak occurred at the last quarter of the mo-
on in the water temperatures of 8.2—-10.6°C.
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During the final days of the smolt migration, four pauses occurred. One 3-day-long
within 7-9 June and three 1-day-long on 25 May and 5 and 11 June (Tabs. 1, 2; Fig. 2B).

In thé Gowienica River in the season of 1981, a total of 110 smolts of the trout was
acquired. In the above-mentioned river the smolts were migrating downstream within a pe-
riod of 79 days, between 24 March and 10 June, in the water temperatures ranging from
5.3 to 18.6°C. The smolt migration begun at the last quarter of the moon, covering 10 suc-
cessive ephemerides, and it ended again at the first quarter.

The daily shares of the relative abundance of the descending smolts, within the above
season, prove the existence of two separate periods of intensive migration. The first, with
involvement of 63.8% of the acquired smolts, occurred within a period of 2-13 April in the
water temperatures ranging from 7.5 to 11.4°C. The second, with 25.4-% abundance of the
smolts, occurred within a period of 27 April-12 May in the water temperatures ranging
from 7.3 to 16.0°C. Within the periods mentioned above, there were peaks in the intensity
of migrations. The first with 38.2-% abundance of the collected fish, occurred within 913
April and the second, with 12.8-% abundance, occurred within 5-8 May. The first peak in
the migration intensity of the trout smolts, occurred during the first quarter in the water
temperatures of 9.2-11.4°C, while the second peak—at the new moon in the water tempe-
ratures of 8.2—10.0°C.

During the period of smolt migration as many as 12 pauses occurred in their descent.
One 13-day-long within 14-26 April, one 8-day-long within 13—20 May, one 7-day-long
from 26 March to 1 April, one 4-day-long within 26-29 May, one 3-day-long within 1-3
June, three 2-day-long within 1-2, 22-23 May, and 8-9 June, and four 1-day-long, within:
29 April, 4 and 20 May, and 6 June (Tabs. 1, 2; Fig. 2C).

In the Gowienica River in the season of 1982, a total of 219 of the trout smolts was
acquired. In the Gowienica, the smolts were migrating downstream within a period of
63 days, between 27 March and 28 May, in the water temperatures in the river ranging from
5.2 to 17.7°C. The smolt migration begun at the new moon, covering 9 successive epheme-
rides, and ended at the first quarter.

As it is evident from the processed materials, there was one high intensity period of
migration. of the acquired smolts, with 61.4-% abundance, within 6-18 May in the water
temperatures of 8.4=17.1°C. The migration intensity peak, with 37.0-% abundance of the
acquired fish, occurred within 11-14 May, between the fool moon and the last quarter, in
the water temperatures in the Gowienica within 11-12°C.

During the migration period of the smolts, there were 8 pauses in their descent. One
13-day-long between 31 March and 12 April, one 6-day-long within 19-24 May, one 2-day-
long within 22-23 April, and five 1-day-long on: 14, 19, 30 April, 4, 27 May (Tabs. 1, 2; Fig. 2D).
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In the Gowienica River in the season of 1983, a total of 355 smolts of the trout was
acquired. In the Gowienica, the smolits were migrating downstream within a period of
60 days, between 2 April and 31 May, in the water temperatures ranging from 5.7 to
16.5°C. The smolt migration begun at the last quarter of the moon, covering 8 consecutive
ephemerides, and ended again at the last quarter.

The dynamics of the daily catch abundance of the studied smolts proves the existence
of three periods if intensified migration. The first with 24.1-% abundance of the acquired
fish, occurred within 17-26 April in the water temperatures of 8.0-10.9°C. The second,
with 26.1-% abundance of the acquired smolts occurred between 28 April and 4 May, in the
water temperatures of 11.2-12.7°C. The third period of intensified migration, with 36.4%
abundance, occurred within a period of 7-9 of May, in the water temperatures of
10.7-16.5°C. There were intensity peaks during the periods of intensified migration. The
first peak, with 5.1-% abundance of the acquired smolts, occurred on 18 April at the first
quarter of the moon, in the water temperature of 9.3°C. The second peak of the migration
intensity, with 22.8-% abundance, occurred within a period of 30 April-4 May, between the
fool moon and the last quarter, in the water temperatures of 11.2-12.7°C. The third peak in
the migration, with i2.1-% abundance, occurred on 17 May, at the first quarter, in the wa-
ter temperatures of 16.0°C.

During the period of smolt migration there were 5 pauses in their seaward descent.
One 7-day-long within 20-26 May and four 1-day-long on: 3, 8, 10 April and 5 May (Tabs. 1,
2; Fig. 2E).

In the Gowienica River in the season of 1984, a total of 409 of the trout smolts was
acquired. In the Gowienica, the smolts were migrating downsiream within a period of
71 days, between 9 April and 18 June, in the water temperatures ranging from 8.2 to
18.7°C. The smolt migration begun at the first quarter of the moon, covering 10 successive
ephemerides, and ended at the last quarter.

During the seaward migration of the smolts, two distinct periods of the intensity were
visible. The first, with 33.2-% abundance of the acquired smolts, occurred within 18-26
April, in the water temperatures of 9.5-9.8°C. The second, with 39.6-% abundance, occur-
red within the period of 28 April-8 May, in the water temperatures of 8.2-14.0°C. There
were two peaks during the periods of the intensified migration. The first peak, with 22.3-%
abundance of the acquired smolts, occurred within 1923 April in the water temperatures of
9.7-10.6°C and at the last quarter of the moon. The second peak in the migration, with
19.8-% abundance, occurred within 3—5 May, in the water temperatures of 12.9-14.0°C, at
the new moon.

There were as many as 11 pauses in the smolt migration during their descent. One
7-day-long within 11-17 April, one 5-day-long within 11-15 May, one 4-day-long within
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13-16 June, one 3-day-long within 18-20 May, four 2-day-old within: 23-24, 2627 May,
and 2-3, 9-10 June, and three 1-day-long on 9, 31 May and 6 June (Tabs. 1, 2; Fig. 2F).

In the Osowka River in the season of 1985, a total of 111 smolts of the trout migra-
ting downstream was acqﬁired within a period of 67 days, between 6 April and 11 Jime, in
the water temperatures within the range of 4.4-19.0°C. The smolt migration begun at the
fool moon, covered 9 successive ephemerides, and ended at the last quarter.

( Ané.lysis of the daily frequency of the smolt acquisition in the Osdéwka revealed three
periods of intensified migrations. The first high intensity period, with 12.6-% abundance of
the acquired smolts, occurred within 21-23 April, in the water temperatures of 8.4-10.0°C.
The second high intensity period, with 33.4-% abundance, occurred within 3—5 May in the
water temperatures of 5.4-7.6°C. The third and the most intensive period with 43.2-%
abundance, occurred within 9-19 May, in the water temperatures of 12.6-17.6°C. There
were three peaks in the migration intensity during the high intensity periods. The first peak,
with 5.4-% abundance of the acquired smolts occurred on 21 April, in the water temperatu-
re of 10°C, at the new moon. The second peak of migration intensity with 27.9-% abundan-
ce, occurred on 4 May, in the water temperatures of 5.4°C, at the fool moon. The third pe-
ak of the migration intensity, with 19.8-% abundance, occurred within 11-12 May, in the
water temperatures of 13.8—-14.0°C, at the last quarter of the moon.

There were 11 pauses during the migration of the brown trout smolts. Two 11-day-
long within 10-20 April and 31 May-10 June, one 5-day-long within 28 April-2 May, three
3-day-long within: 24-26 April, 20-22 May, and 26-28 May, one 2-day-long within 7-8
April, four 1-day-long on: 6, 8, 16, and 24 May (Tabs. 1, 2; Fig. 2G).

In the Osowka River in the season of 1988, a total of 275 smolts of ihe trout was
acquired on their seaward movement within a period of 78 days, between 5 March and
21 May, the longest stretch of a season described to date. The catches yielded 2 smolts on
the end of the calendar winter (5 and 13 March) as well as 273 smolts in the spring within
2 April and 21 May. In the spring, the smolt migration begun at the fool moon, covered
7 successive ephemerides and ended at the first quarter. The spring migration of the smolts
occurred in the water temperatures of the river ranging from 5.5 to 15.0°C. The smolt acqu-
ired on 5 March migrated at the fool moon, in the water temperature of 2.0°C, while that
caught on 13 March witnessed the last quarter, in the water temperature of 1.5°C.

During the analyzed season, there were three periods of the high migration intensity
of the smolts. The first with 5.8-% abundance of the acquired smolts, occurred on 7 April,
in the water temperature of 7.0°C. The second, with 18.8-% abundance, occurred within
17-23 April, in the water temperatures of 5.0-12.0°C. The third, with 64.7-% abundance,
occurred within 3—6 May, in the water temperatures of 13.0-13.5°C. During the periods of
the high intensity of migration, there were intensity peaks. The first, 1-day-long peak,
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occurred at the last quarter of the moon. The second peak in the migration intensity, with
6.5-% abundance of the acquired smolts, occurred within 19-20 April, in the water tempe-
ratures of 11.0-12.0°C, at the new moon. The third peak with 63.6-% abundance of the
acquired smolts, occurred within 4-5 May at the fool moon, in the water temperatures of
13.0-13.5°C.

There were 14 pauses during the smolt migration. One 19-day-long within 14 March—
1 April, two 7-day-long within: 6-12 March and 24-30 April, one 5-day-long within 16-20
May, one 4-day-long within 3—6 April, one 3-day-long within 12-14 May, two 2-day-long
within 8-9 April and 7-8 May, and six 1-day-long on: 11, 14, 16, 18 April and 2, 10 May
(Tabs. 1, 2; Fig. 2H).

The course of the daily migrations of the trout smolts

The migrations of the trout in the Motstowa, Gowienica and the Os6wka rivers in the
eight analyzed seasons covered periods between 51 and 79 days, and occurred within 5 March
and 18 June—a period of 106 days. The shortest migration seasoﬂ, namely 51-day-long,
occurred in the Motstowa River in 1979, between 19 April and 8 June. The longest season,
covering 79 days, occurred in the Gowienica in 1981, between 24 March and 10 June. The
average migration period was 66 days (Tab. 1).

Only a small fraction of the migration periods occurred on the end of calendar winter,
while the decisive reminder occurred in spring. In winter there were only 2 smolts, acquired
from the Oséwka on 5 and 13 March 1988. The smolts migrating in winter constituted
0.73% of all fish acquired in the Osoéwka during the above-mentioned migration season
(n = 275) and at the same time constituted 0.04% of the total catch of the present studies
(n=15593).

On the other hand, the spring migrations of the smolts in the eight studied seasons
covered a period from 24 March to 18 June (Tab. 2) and yielded 99.6% of the studied fish.
The daily shares of the smolts acquired in spring enable the distinction of the three migra-
tion periods: the early (initial) and the late (closing), both with small abundance of the acqu-
ired fish, and the main—with very high numbers of the fish. Within 20 days of the early pe-
riod, lasting from 24 March to 14 April and within 13 days of the late period between 6 and
18 June, a total of 213 fish was acquired (176 and 37 respectively). The above constitutes
3.81% of the acquired smolts (3.15% and 0.66% respectively). On the other hand, in the
main period of the smolt migration, covering 52 days between 15 April and 5 June, a total
of 5378 fish was acquired, constituting 96.15% of the total catch.

The daily shares of the acquired smolts of the total catch of the present survey, in the
early and the late periods of the migration, ranged from 0 to 0.5%. In the main period of the
migration they amounted anywhere from 0.2 to 8.14%. The average daily share for the ear-



56 Zygmunt Chetkowski

ly and the late periods combined, was as little as 0.1%. On the other hand, in the main pe-
riod of the migrations it was 18.5 times higher and equaled 1.85%.

The daily shares of the total catch of the present survey suggest the existence of three
high intensity periods with the peaks of migration intensity. The first high intensity period
with 37.13-% abundance of the acquired smolts cccurred within 25 April-1 May, the second
with 11. 7-% abundance—within 2-7 May and the third with 40.1-% abundance—within
8-23 May (Fig. 3).

In the Gowienica, however, in the season of 1982, there was only one 13-day-long
high intensity period in the smolt migration, involving 61.4% of the individuals.

In the Molstowa, in the season of 1979, there were two high intensity periods of the
smolt migration. The first, 16-day-long, with 41.6-% abundance of the acquired smolts and
the second 31-day-long, with 58.4-% abundance. The above two figures combined, consti-
tute 100% of the smolts acquired in the season.

In the Gowienica, in the season of 1980, there were two high intensity periods in the
smolt migration. The first, 14-day-long with 33.7-% abundance of the acquired smolts and
the second, 17-day-long with 50.1-% abundance of the fish. The above-mentioned high in-
tensity periods of the migrations constituted 83.8% of the smolts acquired within the season.

In the Gowienica, in the season of 1981, there were two high intensity periods in the
migration. The first, 12-day-long with 63.8-% abundance of the acquired smolts and the
second, 16-day-long with 25.4-% abundance of the fish. The above two high intensity pe-
riods of the migrations constituted 89.2% of the smolts acquired within the season.

In the Gowienica, in the season of 1984, there were also two high intensity periods in
the migration of the trout smolts. The first, 9-day-long with 33.2-% abundance of the acqu-
ired smolts and the second, 11-day-long with 39.6-% abundance of the fish. These two high
intensity periods combined, constituted 72.8% of the smolts acquired within the season.

In the Gowienica, in the season of 1983, there were three high intensity periods in the
smolt migration. The first, 9-day-long with 24.1-% abundance, the second, 17-day-long
with 50.1-% abundance, and the third, 13-day-long with 36.4-% abundance of the acquired
smolts. These three high intensity migration periods combined, constituted 86.6% of the
smolts acquired within the season.

In the Osdwka, in the season of 1985, there were three high intensity periods in the
smolt migration. The first, 3-day-long with 12.6-% abundance of the smolts, the second,
3-day-long with 33.4-% abundance, and the third, 11-day-long with 43.2-% abundance.
These mentioned above, three high intensity periods combined, constituted 89.2% of the
smolts acquired within the season.
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In the Osdwka, in the season of 1988, there were also three high intensity periods in
the seaward movement. The first, 1-day-long with 5.8-% abundance, the second, 7-day-long
with 18.8-% abundance, and the third, 4-day-long with 64.7-% abundance. These mentio-
ned above, three high intensity periods combined, constituted 89.3% of the smolts acquired
within the season.

Within the eight analyzed seasons, a single high intensity period occurred once in the
Gowienica in 1982, two high intensity periods occurred four times: in the Molstowa in
1989, in the Gowienica in 1980, 1981, and 1984, and three high intensity periods occurred
three times: in the Gowienica in 1983, in the Oséwka in 1985 and 1988.

The high intensity periods covered periods from 1 to 31 days, in most cases few or
anywhere from 10 to 20, and 11 in average (X = 10.9 days).

It has been presently revealed that the smolts caught within the periods of the high
intensity migrations, constitute a large portion of the total number of the fish descending
during a season. Smolts, being a part of a single high intensity period constituted 61.4% of
the fish migrating within a season. Smolts composing dual high intensity periods constitute
anywhere from 72.8% to 100% of the fish migrating within such season. Smolts, however,
involved in triple high intensity periods constitute anywhere from 86.6% to 89.3% of the
fish migrating within a season.

Portions of the smolts included in the successive high intensity periods of migrations
increase, as a general rule. For instance the portions of the migrating smolts acquired during
the triple high intensity periods in the Gowienica in 1983 were as follows: 24.1%, 26.1%,
and 36.4%. In the Osowka in 1988 they were: 5.8%, 18.8%, and 64.7%. The portions du-
ring dual high intensity periods in the Molstowa in 1879 were: 41.6% and 58.4%, while in
the Gowienica in 1980 they were: 33.7 and 50.1%. In certain cases the portions of the mi-
grating smolts were larger during the first high intensity period than they were at the se-
cond. The Gowienica in 1981 can serve as an example with 63.8% during the first, and
25.4% during the second high intensity period.

All high intensity periods of the smolt migrations exhibited peaks in migration intensi-
ty. In the calculation combining all the results, there had been three peaks. The first, 3-day-
long, with dual summit and 13.2-% abundance of the acquired smolts, occurred within
27-29 April. The second 1-day-long with 4.7-% abundance, occurred on 4 May. The third,
2-day-long peak with 16,2-% abundance, took place within 17-18 May. Therefore the abun-
dance of the smolts in the third peak was the highest compared to the preceding two (Fig. 3).
On the other hand, in the eight analyzed seasons, being considered separately, there were
anywhere from one to three peaks and the respective number of high intensity periods. The
peaks lasted from 1 to 7 days. One-day-long peak occurred five times, 2-day-long—four
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times, 3-day-long—three times, 4-day-long—two times, S5-day-long—three times, and
7-day-long occurred only one time. Most often the peaks lasted 3 days (X = 2.9 days).

The smolts composing the peak days constituted also large portions of the fish migra-
ting within the seasons. The single peak in 1982 in the Gowienica, constituted 37.0% of the
smolts migrating during that season. Two peaks in he season of 1979 in the Molstowa
constituted 51.4%, two in the season of 1980 in the Gowienica—50.1%, two in the season
of 1981 in the Gowienica—350.1%, and two peaks in the season of 1984 in the Gowienica
constituted 42.1% of the smolts migrating during the season. Three peaks in the season of
1983 in the Gowienica constituted 39.9%, three in the season of 1985 in the Osdéwka—
53.2%, and three in the season of 1988 in the Oséwka constituted 67.2% of the smolts mi-
grating during the season.

The daily catches yielded interesting information on the respective rivers and the re-
spective seasons. The number of smolts caught on a single day ranged from 0 to 427. The
most abundant catch of 427 individuals took place on 18 May 1979 in the Molstowa River
and it constituted 13.4% of the fish acquired during the season. Relatively most abundant
catch of 54.9% of the season’s yield occurred on 4 May 1988 in the Oséwka and it compri-
sed 151 smolts. High portions of the daily catches occurred also in the remaining seasons,
which is shown in the following list:

Osowka 4 May 1985 31 individuals 27.9%
Gowienica 12 April 1981 14 ind. 12.7%
Gowienica 17 May 1983 43 ind. 12.1%
Gowienica 11 May 1982 25 ind. 11.4%
Gowienica 18 April 1980 94 ind. 10.3%
Gowienica 3 May 1984 34 ind. 8.3%

There had been pauses during the smolt migration downstream. The number of pau-
ses, in the seasons analyzed, ranged from 1 to 14 (X = 8.3). The duration of the pauses was
anywhere from 1 to 19 days, mostly from 1 to 3 days, rarely reaching 7, and very rarely
13, and only in one case it equaled 19 days.

The length of the pauses in the respective seasons of migration ranged from 4 to 55
days, while the number of days of active migration was within 23-56. Sometimes the num-
ber of pause days exceeded the number of actual active migration days, although there were
seasons of the reverse proportion. For example in the season of 1988 in the Os6éwka, within
78-day-long season, the smolts were pausing for a total of 55 days, and were actively mi-
grating for a total of 23 days. On the other hand, in the season of 1979 in the Molstowa,
within 51-day-long migration season, the smolts were pausing for as few as 4 days. Statisti-
cally, however, based on the combined data from the all seasons, there where fewer pause
days (27 days) than there where days of active migration (39 days), Table 1.
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Riverine water temperatures during the migrations of the brown trout smolts

As it has been mentioned earlier, on the end of the winter, on 5 and 13 March 1988,
in the Osdwka River, the first two smolts of the season were acquired. The first one was
caught in the water temperature of 2.0°C and the second in the temperature of 1.5°C. It
seems that such early migrating smolts, not having counterparts in the remaining seasons,
can be disregarded in the forthcoming discussion on thermal changes during the migration.
The widest range of the water temperatures, during the eight seasons of the smolt migration
was 4.4-19.0°C, while the average values ranged from 5.7 to 17.5°C (Tab. 2). The values
of extreme temperatures listed above are not synonymous with the temperatures at which
the smolts commence and cease their migration. Those temperatures are slightly different,
because the exireme temperatures do not necessarily occur at the beginning and at the end
of a season, and they may as well occur at a given time within a season (Figs. 2A, 4). That is
why the trout smolts were commencing their spring migrations in the temperatures ranging
from 5.8 to 11.0°C (7.4°C in average). The smolts ceased to migrate within the water tem-
perature range of 13.0-18.3°C (15.4°C in average).

The sum of the daily water temperatures allows to calculate the average water tempe-
rature for the respective seasons, rivers, as well as for the whole survey. The average water
temperatures for the eight seasons ranged from 9.6 to 12.7°C, while the average temperatu-
re for the Molstowa was 10.8°C, for the Gowienica—11.1°C and the Os6wka—11.0°C.
The average water temperature for all seasons combined was 11.0°C (Tab. 2).

During the periods of spring migrations of the smolts, the temperatures grow as a rule,
while in all migration seasons rapid or slow decreases or increases of the daily temperatures
are observed. The decreased temperature, although for a short time, may drop below the
limit under which the smolts commence their migration. For instance, in the season of 1985
in the Os6éwka, smolts begun their migration on 6 April in relatively high water temperature
of 11:0°C, while on 28 April the temperature dropped down to 4.4°C.

The data gathered presently, indicate that there is a distinct influence of the water tem-
perature on the quantities of the migrating trout smolts. In the season of 1979 in the Motsto-
wa, within 26 and27 April, the temperature rise from 8.2 to 9.3°C increased‘the daily abun-
dance of the trout smolts from 4.1 to 7.9%. Following that, the température drop on 28 April
from 9.3 to 6.4°C decreased the daily smolt abundance down to 3.7%. Subsequent temperatu-
re rise on 29 April to 7.0°C increased again the daily abundance of smolts up to 9.3%. Conse-
cutive temperature drop within next few days triggered again the decrease in the daily abun-
dance of the migrating smolts. Again, the temperature rise within 14-18 May from 10 to 15°C
resulted in a peak of smolt daily abundance, amounting 13.5% on 18 May. On 19 May, the water
temperature dropped from 15.0°C to 12.4°C what limited the abundance of the migrating smolts
to 3.2%. The influence of the daily increase or decrease of the water temperature on the re-
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spective increase or decrease of the quantities of the migrating smolts is evident also in the
remaining rivers and the seasons surveyed. Such dependence was particularly well visible in
the season of 1980 in the Gowienica within 13—19 April (Fig. 2B) and in the Oséwka in the
season of 1985 within 20-24 April (Fig. 2G).

As it has been already mentioned, there can be anywhere from 1 to 3 high intensity
periods and peaks in the intensity of smolt migration within the individual seasons. The
number of the high intensity periods and the peaks is quite clearly dependent on the fluctu-
ating course of the temperature changes in the rivers.

In 1982 in the Gowienica, there was only one high intensity period with a peak of the
migration of the trout smolts. The high intensity period occurred in the water temperatures
of 8.4-17.1°C and the peak of migration intensity—within 11.0-12.0°C.

In 1979 in the Molstowa and in 1980, 1981, and 1984 in the Gowienica there were
two high intensity periods with the peaks. The first high intensity period took place in the
water temperatures of 5.8-11.4°C and the second in the temperature of 7.2-16.0°C. The
first peak of the intensive migration occurred in the water temperatures of 6.4—11.4°C and
the second in the temperatures of 8.2-15.0°C.

There were three high intensity periods with peaks in the Gowienica in 1983 and 1985
and in the Oséwka in 1988. The first high intensity period took place in the water tempera-
tures of 7.0-10.9°C, the second under the water temperatures of 5.0-12.7°C, and the
third—in the temperatures of 10.7-17.6°C. The first peak of the intensity occurred in the
water temperatures of 7.0-10.0°C, the second in the temperatures of 5.4-12.7°C, and the
third, in the temperatures of 13.0-16.0°C.

Trout smolts migrations in relation to the moon phases

The beginning of the spring migration of the trout smolts in the Molstowa in the se-
ason of 1979 and in the Gowienica in the seasons of 1981 and 1983 occurred during last
quarter of the moon. In the Gowienica in the seasons of 1980 and 1982 it occurred at new
moon, in the Gowienica in the season of 1984—at the first quarter, while in the Osowka in
the seasons of 1985 and 1988—during fool moon. The beginning of the migration of the
trout smolts occurred in the above-mentioned rivers and seasons in all four moon phases.
Most often, however, the migrations commenced within last quarter (3 times), then within
fool moon and new moon (2 times each), and least frequently within first quarter of the
moon (1 time) (Figs. 2A—H).
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Similarly, the migrations of the trout smolts in the analyzed rivers and seasons termi-
nated at all moon phases. In the Motstowa in the season of 1979 it ended at the fool moon,
in the Gowienica in the seasons of 1983 and 1984, and in Osdwka in the season of 1985—
at last quarter, in the Gowienica in the season of 1980—at new moon, while in the Gowie-
nica in the season of 1981, 1982 and in the Osbéwka in the season of 1988—during first
quarter of the moon. Most often the end of the migration occurred within fist and last
quarter (3 times, less frequently at fool moon and new moon (1 time) (Figs. 2A—H).

The percentage portions of the acquired smolts in the individual moon phases appe-
ared to be an interesting feature. In the Oséwka in the season of 1985 and 1988, smolts mi-
grating during fool moon constituted the largest share. Also large portion of the smolts mi-
grating within fool moon occurred in the Gowienica in the season of 1982. On the other
hand in the Motstowa in the seasons of 1979 and in the Gowienica in the seasons of 1980,
1981 and 1984, the portions of the smolts migrating within fool moon were small or very
small. Portions of the smolts migrating at first and last quarter and new moon as well, were
variable in the studied seasons, exhibiting a wide range of values. Sometimes, the dominant
were the portions of the smolts migrating at last quarter (Molstowa—1979 season and
Gowienica—1982 season), sometimes at new moon (Gowienica—1980 and 1984 seasons),
or at first quarter (Gowienica — 1981 and 1983 seasons ) (Fig. 5).

More light on the smolt migration in the respective moon phases is being shed by the
portions based on the materials concerning the individual rivers (Fig. 5). In the Molstowa the
majority of smolts migrated to the sea within last quarter (46.4%), new moon (40.2%), and much
less within fool moon (6.8%) and at first quarter (6.6%). On the other hand, in the Gowienica
the majority of the smolts undertook the migration at new moon (34.7%), at last quarter (30.3%)
and much less at first quarter (19.8%), and at fool moon (15.2%). On the other hand, in the
Osowka the majority of the smolts undertook their migration during fool moon (57.0%),
much less at last quarter (18.1%), new moon (16.6%), and first quarter (8.3%). It is evident
from the data listed above, that the major migration of the smolts in the Motlstowa and the
Gowienica occurred at last quarter and the new moon, while in the Oséwka within fool
moon. The portions of the migrating smolts in the Motstowa and the Gowienica within first
quarter and fool moon are much smaller. Also the portions of the migrating smolts in the
Osowka at the remaining moon phases: last quarter, new moon, and first quarter are small.

The details concerning the peaks in the intensity of the smolt migrations in relation to
the moon phases in the eight seasons surveyed, turn out to be very interesting. Out of a total
number of 18 migration intensity peaks, 6 occurred at new moon, 5 at last quarter, 3 at first
quarter, 2 at fool moon, and 2 at a phase between fool moon and last quarter. Summing up,
the migration intensity peaks occurred mostly within new moon and last and first quarter,
less frequently within fool moon.
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DISCUSSION

The migrations of the Atlantic salmon and trout smoits in the lower Parseta River in
the season of 1914, occurred within 19 March—6 May (Eichelbaum 1916). In the upper Par-
seta in three successive seasons: 1984—1986 smolts of the trout migrated within 3 April-18
May (Debowski et al. 1992). In the lower Rega in four seasons: 1965, 1966, 1967, and
1974—within 29 March—9 June (Chetkowski 1978), in the Osowka in two seasons 1986,
1987—within 7 April-7 June (Chetkowski 1990), and in the same river in the season of
1989—within 18 March—4 May (Chetkowski 1993). The migré;gions of the studied trout
smolts in the Motlstowa in the season of 1979, took place within the period of 19 April-8
June, in the Gowienica in the five seasons: 1980-1984—within 24 March—18 June, in the
Osowka in two seasons: 1985, 1988—within 5 March—11 June. From the analysis of the
listed above surveys, covering 19 seasons, it is evident that the smolts of the trout in the
Pomeranian rivers iﬁigrate to the sea, in broader sense, within 5 March—18 June, but most
commonly in spring within 24 March—18 June. Involvement of the migrating smolts in the
latter period, as evident from the present results, reaches 99.96%. The majority of the
smolts migrates to the sea, according to Chetkowski (1993), within four decades: second
decade of April-second decade of May. The main period of the smolt migration in the
Motstowa, Gowienica, and the Oséwka covers 52 days, within 15 April-5 June. In the
above period slightly more than 96% of migrating smolts occurred.

The beginning of the smolt migration in the winter occurred only in 3 seasons: on
19 March in the lower Pars¢ta in the season of 1914, on 18 March in the Oséwka in the se-
ason of 1989, and on 5 March also in the Osdéwka in 1988. Obviously the beginning of the
smolt migration in the remaining 16 seasons surveyed, occurred in spring. In this number on
24 March in the Gowienica in the season of 1981, on 27 March also in the Gowienica in the
season of 1982. In 13 further seasons it occurred in April, and only in one case in May in
the Rega River, in the season of 1965. The end of the trout smolt migration in the Pomera-
nian rivers, occurred in 10 seasons in May and in 9 seasons in June.

In the analyzed eight seasons of the downstream trout smolt migration in the Motsto-
wa, Gowienica, and the Oséwka rivers, there were pauses in the migration. Similarly, one-
or several-day-long pauses in the smolt migration occurred in the upper Parseta in three
successive seasons of the downstream migration: 1984-1986 (Debowski et al. 1992).

Interesting conclusions may result from comparing tﬁe high intensity periods and the
peaks in the migration intensity in three Pomeranian rivers: the beienica,_ 1984 season, the
Oséwka, 1985 season, with the similar data on smolts of the trout from the upper Parsgta of
the same seasons after Dabrowski et al. (1992). it comes out that the beginning of the smolt
migration in the season of 1984 occurred almost at the same time in the Gowienica (9 April)
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and in the Parsgta (11 Aprl). The end of the migrations occurred in the Parsgta on 13 May
and in the Gowienica much later—on 18 June. In the Gowienica, in the season of 1984, there
were two high intensity periods of the trout smolt migration. The first was within 18—-26 April
and the second within 28 April-8 May. Similarly in the Parseta in the same season there we-
re two high intensity periods within quite similar dates. The first was within 20-29 April and
the second within 30 April-7 May. Also the peaks of the downstream migration intensity in
the Gowienica and the Parseta in the same season fell in the similar dates. In the Gowienica,
the first peak of the trout smolt migrations occurred within 19-23 April, while the second—
within 3—5 May. In the Parseta, however, the first peak of the downstream migration of the
trout smolts occurred within 25-27 April, the second—within 3—4 May.

In the season of 1985 the smolts of trout commenced their migration in the Osowka
on 6 April, while in the Parsg¢ta they did that on 4 April which was two days earlier. End of
the migrations in the Parsgta occurred on 18 May, while in the Oséwka much later—on
11 June. There were three high intensity periods in the Osoéwka within: 21-23 April,
3-5 and 9-19 May, while in the Parsgta there was one within 7-15 May. There were three
peaks in the intensity of the seaward migrations in the Os6éwka: 21 April, 4 May, and 11-12
May. In the Parseta, however, there were two peaks on 8 May and 13 May. The greatest
abundance of the smolts of trout migrating downstream occurred in the second high intensi-
ty period in the Oséwka and in the first one in the Parsgta. The high intensity periods of the-
se migrations occurred in similar dates: 4 and 8 May.

In the rivers of the south-west Norway the smolts of the brown trout migrate downst-
ream, according to Bohlin et al. (1993), mostly within the period of 26 April-17 May,
which is the time of the high intensity downstream migration of the trout smolts in the Po-
meranian rivers.

Migration seasons of the trout smolts in the coastal rivers of Normandy (France) are
substantially longer, covering periods from end of February till June or even September
(Euzend et al. 1991).

In the English river Piddl (Dorset) smolts of the trout migrate to the sea in spring as
well, in similar few-day-long high intensity periods, surmounted with peaks and separated
by pauses (Solomon 1978).

Atlantic salmon smolts grown in the Swedish niver Ricklean, emptying to the north
Baltic Sea (Gulf of Bothnia), migrate to the sea within the period of 1 June-18 July (Oster-
dahl 1964, 1969), which is much later compared to the migrations of the trout smolts in the
Pomeranian rivers.

Atlantic salmon smolts grown in the Orkla River in the central Norway, emptying to
the Atlantic, according to Hvidsten et al (1955), migrated to the sea within 22 April-5 June,
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what matches the high intensity periods of the brown trout smolts migration in the presently
analyzed rivers.

The widest range of the water temperature during the trout smolts migrations in the
presently analyzed rivers was within 1.5-19.0°C. In the upper Parsgta (after Debowski et al. 1992)
they were within 2.0-15.0°C. The ranges of the temperature fluctuation during the trout
smolts migrations were similar in the upper Parsgta and in the presently analyzed rivers.

Riverine water temperatures, rising above 10°C, and occurring in spring according to
McClaove (after Grau 1981), stimulate migrations of the Atlantic salmon smolts. Such
conclusion, as evident from the present studies, concerns also the migrations of the trout
smolts in the Pomeranian rivers.

As it is evident from the present results and from the results of Degbowski et al. (1992),
temperature rise—increases, while temperature drop—decreases or completely halts migra-
tion of the trout smolts.

According to Larsson et al. (1979) the most suitable temperatures for stocking Swe-
dish rivers, emptying to the Baltic Sea with raised in confinement, tagged Atlantic salmon
smolts were within the range of 7-14°C. The major migrations of the brown trout smolts in
the Pomeranian rivers occur in such temperatures.

Grau (1981) believes that the lunar cycle can be the important indicator of the migra-
tion commencement. The above-mentioned author, however, failed to specify which parti-
cular moon phase he meant. It is impossible too draw such conclusion from the presently
analyzed data, because the trout smolts migrations in the Molstowa, Gowienica and the
Osowka begin, last, and terminate within all four moon phases. Similarly, Hvidsten et al.
(1995) did not show any impact of the moon phases on the migration of the Atlantic salmon
smolts.

CONCLUSIONS

The migrations of the trout smolts grown in the Molstowa, Gowienica and the Osow-
ka lasted, in general terms, up to 106 days between 5 March and 18 June. Practically, this
range should be narrowed down to 66 days within 24 March—18 June with the majority of
the smolts migrating within 52 days, between 15 April and 5 June.

The main period of the migration, occurring within 15 April and 5 June, yielded
96.15% of the acquired trout smolts. The initial period of the migrations, within 24 March—
14 April and the closing period within 6-18 June gave a combined yield of 3.81%. Calendar
winter fraction (5-23 March) of the migrating season yielded 0.04% of the smolts.

The spring migrations of the trout smolts started in the average riverine water tempe-
rature of 7.4°C and ended in the temperature of 15.4°C. The widest range of the water
temperatures during the spring migrations of the smolts was 4.4-19.0°C, while the average
temperature during the smolt migration was 11.0°C.



68 _ Zygmunt Chelkowski

There had been pauses in the course of the trout smolt migrations, as well as two, ra-
rely three or one high intensity periods, occurring at all four moon phases. The most frequ-
ently however, the smolts migrated- during new moon, then at first and last quarter, while
rarely within fool moon.
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Zygmunt CHEEKOWSKI

PRZEBIEG WEDROWEK SMOLTOW TROCI WEDROWNEJ (SALMO TRUTTA
M. TRUTTA 1..) WYROSEYCH W RZEKACH POMORZA

STRESZCZENIE

W opracowaniu analizowano przebieg dobowych wedrowek smoltow troci (Salmo trutta m.
trutta L. 1758), wyrostych w warunkach naturalnych w Motstowej w sezonie 1979 r., w Gowienicy
w 5 sezonach w latach 19801984 oraz w Osowce w dwoch sezonach 19851 1988 r., na tle tempera-
tury wod 1zek i faz ksigzyca. Badania oparto na 5593 smoltach. Wedréwki smoltow troci w wymie-
nionych rzekach trwaly w najszerszym ujeciu 106 dni migdzy 5 marca a 18 czerwca, wiosng
66 dni miedzy 24 marca a 18 czerwca i gloéwnie 52 dni miedzy 15 kwietnia a 5 czerwca.
W gtéwnym okresie wedrowek, przypadajacym miedzy 15 kwietnia a 5 czerwca, wystapito 96,15%,
w okresie poprzedzajacym i konczacym glowne wedréwki, miedzy 24 marca a 14 kwietnia oraz
6 a 18 czerwca wystapito 3,81% oraz w okresie zimy, migdzy 5 a 23 marca, wystapilo 0,04% pozy-
skanych smoltow. Wiosenne wedréwki smoltow rozpoczynaly si¢ przy Sredniej temperaturze wod
rzeki 7,4°C i konczyly si¢ przy Sredniej temperaturze wody 15,4°C. Ekstremalne temperatury wod
w okresie wiosennych wedréwek smoltow wahaly si¢ w przedziale 4,4 — 19,0°C, a $rednia tempera-
tura wod rzek w okresie wedrowek smoltow wynosila 11,0°C. Wedréowki smoltow troci odbywaty sig
z przerwami, z dwoma, rzadziej z trzema nasileniami lub jednym nasileniem, we wszystkich czterech
fazach ksigzyca. Najliczniej jednak smoity wedrowaly podczas nowiu, nastgpnie pierwszej i ostatniej
kwadrze, a rzadziej podczas pehi ksigzyca.
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