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ABSTRACT. The spawning stock of migratory sea trout in the Drwêca River was investigated 20 years

after the Vistula River was dammed near W³oc³awek (1968). Fish scales and data were obtained from

fish traps and anglers fishing in the lower Drwêca River. The age structure of sea trout which enter the

Drwêca River to spawn and the percentage of them which are repeat spawners are presented taking

into consideration the stocking coefficient. The age distribution was as follows: specimens returning to

the river after one year in the sea - age A.0+ - 1.3%; age group A.1+ - 36.6%; age group A.2+ - 52.9%. The

latter had spent three growth seasons in the sea and was the most numerous. Fish from age group A.3+

comprised an average of 8.5% of the samples. Repeat spawners comprised 4.3%. In addition to the more

numerous summer sea trout, winter sea trout still occur in the Drwêca River, although they currently

constitute only about 10% of all sea trout.
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INTRODUCTION

The Drwêca River is 207 km long and reaches the Vistula River 50 km below the dam in

W³oc³awek. It is probably the only lower Vistula system river in which sea trout (Salmo trutta

m. trutta) used to and still do spawn in great numbers (Willer 1929 after Backiel 1964,

Bontemps 1995). Some of its tributaries have mountain stream characteristics such as slopes

of up to 6‰ and gravel-stony bottoms which provide sea trout with good spawning

grounds (Backiel 1964, Szczepañski 1994). In the 1990s single sea trout spawners and redds

were observed in the Drwêca tributaries Brynica and Pissa (Dêbowski and Radtke 1999). In

1961 the Drwêca and some of its tributaries were designated as nature reserves and catches

of migratory salmonids were banned. Significant efforts have been made to protect sea trout,

for which the Drwêca River system is a spawning ground. For many years this river has been

stocked with sea trout material of Vistula origin, and spawners are also taken from it for

selection and reproduction (Bartel 1993). Bontemps (1995) described the age structure of the

spawning stock in the Drwêca River in the late 1980s based on the returns of tags from speci-

mens which returned for spawning and which had been tagged as smolts.
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The aim of this work was to use a random sample of scales to describe the sea

trout stock which concentrates in the Drwêca River during the spawning season. The

age structure in both the riverine and sea life cycle stages of this species was deter-

mined, as was the frequency of occurrence of specimens which were repeat spawners.

The issue of whether or not the sea trout occurring in the Drwêca River retain traits of

the former Vistula population was addressed, and more importantly, it was investi-

gated if the two spawning stocks of winter and summer sea trout which were once

observed in the Vistula River still exist (Dixon 1931, ¯arnecki 1963, Borzêcka 1998).

MATERIALS AND METHODS

Scales were collected from 174 sea trout specimens caught from 1988 to 1992 in a fish trap

located in Lubicz and by anglers fishing in the lower Drwêca River from January to Novem-

ber. In addition to the scale samples, information on the time the fish were caught, fish length,

and sometimes fish weight and sex were recorded. The samples from 1988 and 1989 con-

tained sea trout which had been tagged as smolts in the spring of 1987; this permitted verify-

ing determinations of the sea age of the studied fish. The description of a picture of a

salmonid scale is usually denoted as A.B+, where A is the number of annual rings formed on

the scale during the riverine period, and B – the number of annual rings formed during the

growth period in the sea, + is the growth zone of the scale between the last ring formed in the

sea and the margin, although the fish can attain this increment in the year it is caught or in the

previous year. The first step in determining sea trout age was to identify the number of rings

formed in the sea and measure the marginal increments – the measure of this was the num-

ber of sclerites beyond the last annual ring formed in the sea. This measure was used to check

the age determinations. More importantly, it was used to determine when the fish left the sea

to ascend the river. Knowing the time at which the fish began the spawning migration

allowed particular sea trout specimens to be assigned to either the winter or summer spawn-

ing stock (¯arnecki 1963, Borzêcka 1998). The scales were also used to determine which spec-

imens were repeat spawners. The condition of the fish comprising the spawning stock in the

Drwêca River was determined using the Fulton coefficient, as follows:

F
W

L

100
3

, where L - longitudo caudalis (cm), W – fish weight (g)

The dependence between fish weight and length was also determined, as fol-

lows:

W aLb , where a and b – coefficients determined from empirical data.
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RESULTS

There are three main annual migrations of adult sea trout in the lower Vistula

River: fish which ascend the river in winter or in summer to spawn and those which

descend the river to the sea after spawning. These ascending and descending migra-

tions peak in different months; November-December and July-August-September are

the periods when the two major migrations, winter and summer, are forming, while

kelts descend to the sea in late fall and early spring (Fig. 1, Part A). The sample material

from the Drwêca River was collected in all months except December. Since the scale

samples came from anglers and were not collected systematically in particular seasons,
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Part A

LOWER VISTULA

Prior to the dam in W³oc³awek

Part B

DRWÊCA River, 1988-1992

Kelts: 7%

February, March

Spawning stock: spawning
migration intensifies in October
Winter sea trout, 10%

Summer sea trout, 90%

Kelts:

0.05%

late fall,
early spring

Winter sea

trout: 72%

Spawning
migration
intensifies in
November and
December

Spawning migration
intensifies
July and August

Sommer sea

trout: 28%

Fig. 1. Sea trout migrations in the Vistula River prior to damming in 1968 and in the Drwêca River in
1988-1992. The percentage of kelts was calculated in relation to all fish in the samples, the percentage of
winter and summer sea trout in relation to spawning fish.



it was essential to develop a general method for identifying the seasonal stocks and

detailed criteria for classifying specimens which would spawn in the following year,

those which had spawned in the current year and those which were spent.

The size of the marginal increments on the scales of the sea trout from the Drwêca River

exhibited significant variability, with small, average and large increments noted on the scales

of fish from the same age groups (Fig. 2). The degree of scale resorption was also very

diverse; this refers to the magnitude of scale structure loss which occurs mainly in the caudal

and lateral sections due to physiological changes in the fish during the spawning migration

and spawning itself. Based on the marginal increments and the degree of scale resorption, the

time the fish was caught and their condition determined with the Fulton coefficient, the three

following groups of sea trout were identified in the Drwêca River (Fig.1, Part B):

1. The first group was comprised of specimens caught by anglers between January

and June. They had large marginal increments from the previous year and a low

degree of scale resorption (Photo 1). The condition coefficient of specimens from

this group exceeded 1.2. It was assumed that these were sea trout which had
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dk

Photo 1. Scale picture of a sea trout caught in the
Drwêca River in May 1991. Fish length - 70 cm,
weight - 3.3 kg, age - 2.2+. Marginal increment
(dk) formed in the previous year. Winter sea
trout.

dk

Photo 2. Scale picture of a sea trout caught in the
Drwêca River in fall 1990. Fish length - 59 cm,
age - 2.1+. Marginal increment (dk) is small and
was formed in the year the fish was caught.
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Fig. 2. Size distributions of marginal increments on sea trout scales from the Drwêca River. The number of
sclerites was the measure of increments, N – number of fish.



ascended the river early in the year preceding spawning, and thus they exhibited

features of the former winter trout. They constituted 10.3% of the entire sample.

2. The second group was comprised of specimens caught in summer and early fall.

The scales had either a small (average) marginal increment that had formed in the

year they were caught or a large increment from the previous year. These were fish

which would soon spawn and there was clear scale resorption – they corresponded

to summer Vistula sea trout and Pomeranian sea trout (Photo 2).

3. The third group was comprised of specimens caught in winter. Their scales had

large marginal increments which were most frequently highly resorbed (Photo 3).

The Fulton condition coefficient was below 1.0. These fish were regarded as spent

kelts and constituted an average of 6.9% of the samples.

The scales from fish of known ages which were caught in the fall of 1988 had one

ring that had formed in the sea and a small marginal increment from that year, thus

their age corresponded to the number of rings A.1+ (Photo 4). Specimens caught in
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Photo 3. Scale picture of a sea trout caught in the
Drwêca River in winter 1992. Kelt-male aged -
2.1+. Scale resorbed, especially in the caudal
section. Fulton coefficient F = 0.84.

dk

Photo 4. Scale picture of a sea trout caught in the
Drwêca River in fall 1988. Fish age - 2.1+. Mar-
ginal increment (dk) formed in the year the fish
spawned. Fish tagged in spring 1987 as a 2+
smolt.



1989 also had one ring that had formed in

the sea, so the picture of the scale was

denoted as A.1+; however, the marginal

increment was large and from a whole

year, so the age was denoted as A.2+

(Photo 5). Thus, in both cases, the age

determined from the scales corresponded

to the data obtained from fish tagging.

Of the whole sample, 5.7% of the sea

trout did not have the first annual ring

which formed in the sea on their scales;

1.2% of these fish returned to the river in

the same year they had left it, so they were

aged A.0+. Sea trout aged A.1+ consti-

tuted from 36.2% to 73.1% of the sample in

subsequent years (average of 46.3%). The

most numerous group of fish in the sam-

ples, at an average of 48.8%, was that

which ascended the Drwêca River in their

third year in the sea, i.e., at the age of A.2+.

Fish aged A.3+ which had spent four sea-

sons in the sea constituted an average of 3.7% of the samples (Table 1).

TABLE 1

Age distribution of the spawning stock of sea trout from the Drwêca River in the sea stage of the life cyc-
le, based on samples from 1988 to 1992; 12 kelts disregarded

Sample from
year

Sea trout age

A.0+ A.1+ A.2+ A.3+ total

specimens % specimens % specimens % specimens % specimens

1988 N = 26 0 0 19 73.1 6 23.1 1x 3.8 26
1989 N = 47 1 2.1 19 40.4 26x 55.3 1x 2.1 47
1990 N = 9 0 0 6 66.7 2x 22.2 1x 11.1 9
1991 N = 50 0 0 19 43.2 22 50.0 3 6.8 44
1992 N = 42 1 2.8 14 38.9 21x 58.3 0 0 36
Total 2 1.2 75 46.3 79 48.8 6 3.7 162
x denotes an individual in sample with a spawning mark; in total, there were seven repeat spawners, i.e., 4.3% of the
sample
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dk

Photo 5. Scale picture of a sea trout caught in the
Drwêca River in October 1989. Fish age - A.2+.
Marginal increment (dk) is large and formed in
the year preceding spawninig. Fish tagged in
spring 1987 as a 2+ smolt.



Since the presence of sea trout in the Drwêca River is largely thanks to annual stocking,

an attempt was made to adjust the age structure according to the numbers of smolts

released. Table 2 presents the distribution of the numbers of subsequent smolt generations

in stocking, and the values at the bottom are the transformed coefficients. The numbers in

particular age groups divided by the appropriate coefficient yielded the hypothetical, stan-

dard age distribution (Table 3) at a constant level of smolt recruitment to the sea. This con-

firms that the majority of the fish in the Drwêca River spawn at the age of A.2+.
TABLE 2

Age distribution of the sea trout spawning stock from the Drwêca River in the sea stage of life with divi-
sions into spawning years and smolt generations. The stocking intensity is described by the abundance

of each generation (Table 1 expanded)

Spawning
year

Smolt generation

Year descended to sea 1985 1986 1987 1988 1989 1990 1991 1992

Stocking in thousands 10 10 50 50 100 100 100 50

1988 Fish age A.3+ A.2+ A.1+ A.0+

Abundance 1 6 19 0
1989 Fish age A.3+ A.2+ A.1+ A.0+

Abundance 1 26 19 1
1990 Fish age A.3+ A.2+ A.1+ A.0+

Abundance 1 2 6 0
1991 Fish age A.3+ A.2+ A.1+ A.0+

Abundance 3 22 19 0
1992 Fish age A.3+ A.2+ A.1+ A.0+

Abundance 0 21 14 1
Stocking coefficient* 0.2 0.2 1 1 2 2 2 1

* stocking coefficient 1 = 50000 individuals

TABLE 3

Standard age structure of sea trout spawning stocks from the Drwêca River. Age determined in the sea
stage of fish life. Abundance presented at stable smolt recruitment coefficient of 1 = 50000 individuals

(Table 2 transformed)

Spawning stock Fish age
Total

Year Abundance A.3+ A.2+ A.1+ A.0+

1988 N 5 30 19 0 54
% 9,3 55.6 35.2 0 100

1989 N 5 27 18 1 51
% 9.8 52.9 35.3 2.0 100

1990 N 1 2 3 0 6
% 16.7 33.3 50.0 0 100

1991 N 3 11 10 0 24
% 12.5 45.8 41.7 0 100

1992 N 0 10 7 1 18
% 0 55.6 38.9 5.6 100

Average standard
distribution

N 13 81 56 2 153
% 8.5 52.9 36.6 1.3 100
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A decided majority of sea trout specimens in the samples, an average of 87.8%,

reached the smolt stage after two years in the river. This age group constituted 77.3%

in 1988, 91.2% - 1989, 87.5% - 1990, 91.3% - 1991, and 86.8% - 1992. The fish which

reached the smolt stage in one year constituted an average of 6.8%, and the specimens

with three years in the river constituted an average of 5.4% (Fig. 3).

The fish which repeated spawning comprised from 0% to 22% in particular years,

and the long-term weighted average of frequency of occurrence of fish with spawning

marks in the Drwêca River samples was 4.3 %.

Fish length varied from 40 to 89 cm. The average length of fish caught in the trap

was 67.9 cm. Anglers caught larger specimens at an average of 74.1 cm. Females domi-

nated the samples at 73%; their average length was 70.8 cm and average weight – 3.97

kg. The males were smaller with an average length of 64.0 cm and an average weight of

3.0 kg. The Fulton condition coefficient was 1.09 for males and 1.08 for females (Fig. 4).

DISCUSSION

The peak of the sea trout spawning migration in the Drwêca River occurs in Octo-

ber (Bontemps 1995, Bartel and Bontemps 1995); however, the period when the

spawning migration begins and the fish ascend the river is extended over time, which

is reflected by the high variability in the size of the marginal increments on the scales

and the time when the fish were caught (Fig. 2 and 5). The fish ascended the river even

before the increments had formed in the sea in the year of the migration, or they

exhibited only small increments. Alternatively, large increments which had formed

in the sea were visible on the scales; these might have formed in the year the fish

ascended or in the previous year (Sych 1967, Borzêcka 1991). Three main sea trout

groups in the Drwêca River were identified based on these assumptions and the

degree of scale resorption: spent kelts, “summer” sea trout specimens which were

ready for spawning, and specimens with characteristics of “winter” sea trout, i.e.,

those which had waited in the river for one year for the spawning season. Since the

trap gear was not set during the smolt migration season, this group of fish was not

represented in the study material. The samples from 1988 and 1989 were especially

interesting, as they included 11 fish which had been tagged as smolts and released

into the Drwêca River in March 1987. This provided a rare opportunity to verify the

scale age determinations.
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Fig. 3. Age structure of sea trout spawning stock in the Drwêca River in the riverine stage of life, based on
samples from 1988-1992.



The spawning stocks in the Drwêca River were dominated (at almost 88%) by fish

which had reached the smolt stage after two years in the river. A similar age distribution

was noted in the former winter spawning stock. Among the ascending “summer” sea

trout, those which had stayed in the river for one year before reaching the smolt stage

were the most numerous (Borzêcka 1999). It seems, however, that in this case the clear

domination of age group 2 smolts is closely related with the age structure of the stocking

material, which, in 1987-1990, consisted mostly of age group 2 smolts (Bontemps 1995).

The description of the age structure included changes in the numbers of smolts as

these were present in the Drwêca River almost entirely as a result of high stocking lev-

els that fluctuated annually. Table 3 presents the hypothetical, standard age distribu-

tion which would occur at a stable stocking level. It is clear that the sea trout

spawning stock in the Drwêca River was comprised mainly of fish which had spent
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F = condition coefficient.



three growth seasons in the sea – they constituted about 53% of the fish. About 37% of

the fish were aged A.1+. Specimens which had spent either longer or shorter periods

in the sea were not numerous in the samples - sea trout aged A.0+ constituted 1.3% of

the spawning stock, and fish aged A.3+ constituted 8.5%. These figures correspond to

the tendencies once exhibited by Vistula sea trout (Borzêcka 1999).

An average of 4.3% of the fish returned to the river for repeat spawning, as was

indicated by the spawning marks on the scales (Table 1). These marks occur on the

scales of migratory salmonids during compensatory body growth following

spawning and are a reflection of scale rebuilding after losses incurred through

resorption during spawning migrations (Backiel and Sych 1958). This figure is

almost four-fold higher than the long-term average (1.3%) determined for the for-

mer Vistula sea trout which undertook spawning migrations (Borzêcka 1999). This

is probably because the migration route to the Drwêca River, which is located

closer to the Vistula River mouth, is significantly shorter that the previous sea

trout migration route which extended as far as 1000 km to the mountain tributaries

of the Vistula River at the foot of the Carpathian Mountains (Dixon 1931, ¯arnecki

and Ko³der 1955).

176 I. BORZÊCKA

0

20

40

60

I II III IV V VI VII VIII IX X XI XII

Tczew before 1968

Drwêca in 1988-1992

Month
Fig. 5. Distribution of sea trout catches in particular months: in the Vistula River near Tczew before 1968
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The occurrence of repeat sea trout spawners and kelts, which remained in the

spawning grounds longer, even until March, confirms that the Drwêca River still pro-

vides good conditions for sea trout spawning.

Females constituted 73% of the sample of fish for which sex had been determined.

In former sea trout spawning stocks, sexual disproportion was even more pro-

nounced. The average long-term frequency of occurrence of females in samples of

winter stocks of Vistula sea trout in 1960-1968 was 88.6%, and in those of “summer”

sea trout – 78.5% (Borzêcka 2001).

The next issue addressed in this paper was if, in spite of disturbances in fish popu-

lations caused by the construction of the dam in W³oc³awek which prevented migra-

tion to the upper Vistula River spawning grounds, the two distinct spawning

migration seasons still existed among the Vistula sea trout. Stocking is conducted

annually to preserve the Vistula sea trout stock, and this means that there is human

intervention in sea trout reproduction. The origin and selection of parental material,

smolt cultivation conditions, and the choice of areas to be stocked can all disrupt the

diversity of spawning migration times which are characteristic in the Vistula. This is

especially true of the winter stock of Vistula sea trout, which was once the most abun-

dant stock but is currently in decline (Dixon 1931, Chrzan 1947, Borzêcka 1998). A

total of 10.2% of the specimens from the sample exhibited traits of the former winter

sea trout. This indicates that it still occurs in the Drwêca River drainage area and may

become genetic resources to use during in restitution projects (Sych 1998). This pres-

ents issues related to the protection of this group of fish in the spawning grounds as

well as the necessity of providing juvenile sea trout with a safe environment in the

Drwêca River and unconstrained access to the Baltic Sea. The Drwêca River should be

designated as a reserve and a gene bank of natural stocks of Vistula sea trout. This

would require every angling catch in the river drainage area to be reported and scale

samples to be collected in order to monitor the state of the population.
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STRESZCZENIE

CHARAKTERYSTYKA TROCI (SALMO TRUTTA M. TRUTTA) Z DRWÊCY NA

PODSTAWIE MATERIA£U £USKOWEGO ZEBRANEGO W LATACH 1988-1992

Po przegrodzeniu w 1968 r. Wis³y zapor¹ pod W³oc³awkiem zamykaj¹c¹, dawny szlak migracji ryb
wêdrownych w górê rzeki, Drwêca sta³a siê ostatnim wiœlanym dop³ywem, do którego nadal licznie wstêpuje
na tar³o troæ wiœlana. W tej pracy, starano siê scharakteryzowaæ strukturê stada tar³owego troci w Drwêcy w
latach 1989-1992 oraz zbadaæ, czy zachowa³y siê charakterystyczne dla Wis³y dwa ci¹gi tar³owe, zimowy i letni
(rys. 1 A). Na podstawie ³usek troci chwytanych w smo³ówkê i przez indywidualnych wêdkarzy, wyró¿niono
trzy grupy ryb: osobniki z ma³ym przyrostem krawêdziowym i wyraŸn¹ ju¿ resorpcj¹ ³uski – odpowiednik
„letniej“ troci wiœlanej i troci pomorskiej, osobniki z du¿ym zesz³orocznym przyrostem krawêdziowym na
³usce i s³ab¹ jeszcze resorpcj¹ – odpowiednik dawnej troci „zimowej“ oraz ryby o silnie zresorbowanych
³uskach i niskim wspó³czynniku kondycji Fultona, które uznano za sp³ywaj¹ce po tarle kelty (rys. 1 B).

Okres pobytu troci w rzece do osi¹gniêcia stadium smolt wygl¹da³ nastêpuj¹co: 6,8% ryb osi¹gnê³o
stadium smolt po jednym roku pobytu w wodzie s³odkiej, trocie po dwurocznym pobycie w rzece stano-
wi³y œrednio 87,8%, a trzyrocznym – œrednio 5,4% (rys. 3). Ryby powraca³y do rzeki najczêœciej po trzech
sezonach troficznych w morzu tj. w wieku A.2+, œrednio 48,8%. Osobniki w wieku A.0+ stanowi³y 1,2%, a
ryb w wieku A.1+ by³o od 36,2% do 73,1%; œrednio 46,3%. Trocie po czterech sezonach w morzu, czyli w
wieku A.3+ stanowi³y w próbach œrednio 3,7% (tab. 1). Wieloletnia œrednia wa¿ona czêstoœæ wystêpowania
ryb ze znakiem tar³owym wynios³a w próbach z Drwêcy 4,3% - w poszczególnych latach od 0% do 22%
(tab. 1).

W grupie troci o znanej p³ci przewa¿a³y samice, stanowi³y one 73% materia³u. Œrednia d³ugoœæ samic
wynosi³a 70,8 cm przy œredniej masie 3,97 kg. Samce by³y mniejsze, mia³y œrednio 64,0 cm d³ugoœci i 3,0 kg
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masy. Wspó³czynnik kondycji Fultona wyniós³ dla samców 1,09, a dla samic 1,08 (rys. 4).
W próbach z roku 1988 i 1989 wyst¹pi³y trocie znakowane w stadium smolt wiosn¹ 1987 r., co pozwo-

li³o na zweryfikowanie oznaczeñ wieku morskiego badanego materia³u (fot. 4 i 5).
W badanym materiale przewa¿a³a troæ „letnia“, jednak zaobserwowano ok. 10% osobników wyka-

zuj¹cych cechy dawnej troci „zimowej“. Ta grupa pojawia siê wiêc nadal w dorzeczu Drwêcy i mo¿e staæ
siê Ÿród³em zasobów genetycznych do wykorzystania w pracach restytucyjnych.
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