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ABSTRA CT. The aim of the paper was to compare size of sea trout eggs from 7 Polish rivers. Length
of females varied from 39 to 91 cm. The biggest females were in the Vistula River and the smallest in the
Grabowa River, average lenths were 69.9 cm and 60.2 cm respectively. Egg size was correlated with
length of the females. There were some differences of egg size among sea trout populations. Egg size
from any single river was not bigger in comparison to other populations.
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INTRODUCTION

The size of eggs is a characteristic feature of each species. However, relatively big
differences can occur in their size, which is related to a number of affecting factors,
the main ones being as follows: the fish age (Sklower 1930, Davis 1953, Skrochowska
1953, Bartel 1971, Savostyanova, Nikandrov 1976) the size of spawners (]uszczyk
1951, Pekarkova 1956, Allen 1958, Dumas 1961, Schaperclaus 1961, Sakowicz 1961,
Scott 1962, Steffens 1963, Mc Fadden et al. 1965, Szczerbowski 1966, Bulkley 1967,
Hardy 1967, Farid Pak 1968, Chelkowski et. al. 1990), the fish age and the size of
spawners taken together (Terlecki, Kempinska 1956, Sakowskaja 1973, Chetkowski et
al. 1985), and the female fecundity (Maar 1949, Svardson 1949, Rounsefell 1957, Allen
1958, Pope et al. 1961, Scott 1962).

Some authors indicated changing environmental conditions as a factor affecting
the size of eggs. Mc Fadden et al. (1965) concluded that in the case of brown trout there
were differences between populations from some rivers and these differences were
due to different diameters of eggs, this being reflected in the fecundity. Also Larsson
and Pickova (1978) and Anohina, Bakulina (1990) observed differences in eggs size of
salmon from various rivers. Maar (1950) related the differences in eggs size in the
populations of Salmo alpinus to fish size and their fecundity.
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The sea trout occurs in all Polish rivers flowing into the Baltic Sea. These popula-
tions differ as to the growth rate, the differences being mainly noticeable between the
trout population from the Vistula River and the populations of trout from the Middle
and Western Pomerania (Chrzan 1959, Zarnecki 1963, Chetkowski 1969, Bartel 1988).

As there are some differences in growth of sea trout from Polish rivers, the
question was raised whether there were also differences in the size of eggs in these

populations.
MATERIAL AND METHODS

During the artificial spawning of the Vistula sea trout, performed in November
and December of 1983 at Swibno, and the artificial spawning of the Pomeranian trout:
from the Leba River in Leba, from the Stupia River in Stupsk, from the Wieprza River
in Dartowo, from the Grabowa River in Jezyczki, the Parseta River in Roscino, the
Rega River in Trzebiatow (Fig. 1), some dozens of eggs were collected from part of the
females. The eggs were submerged in water to let them swell, and the volume of water
dislodged by 30 eggs was measured on the following day. The obtained values were
used in subsequent considerations. The eggs were collected from 1826 females (Tab.
1) of the size measured with 1 cm accuracy. These females made up 54.7% of all the
females of sea trout spawned artificially in 1983 (Bartel, Zielinski 1986). The percen-
tage ranged from 45.0% for the females from the Grabowa and Rega rivers to 73.5%
from the Stupia River. The eggs for the measurements were collected from two

spawning in Leba and Parseta, to up to seven spawnings in Stupia (Tab. 1).

Fig. 1. Places of artificial spawning of sea trout in Poland
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TABLE 1
Number of sea trouts spawned in 1983 in 7 Polish rivers and number of sea trouts from which the eggs for
size determination were collected

Females Numbelr o Length of females (cm) Avernge

spawning volume
No. River Locality of 30

spawned observed .
total ghte usrige min. | max. | SD i
rved (ml)
No. No. %
1 |Vistula Swibno 163 118 724 4 69.2 57 83 | 7.625 | 2.56
2 |Leba Leba 273 142 52.0 2 63.0 47 80 | 9.723 | 2.39
3 | Stupia Stupsk 795 584 735 7 63.6 44 82 [11.930| 2.33
4 |Wieprza Dartowo 411 241 58.9 3 | 645 48 82 | 9.548 | 244
5 |Grabowa Jezyczki 903 406 45.0 3 59.3 39 82 |10.928 | 2.20
6 |Parseta Roscino 188 90 479 2 63.8 48 79 | 8461 | 2.28
7 |Rega Trzebiatow 545 245 45.0 3 64.7 49 91 | 11.153 | 2.35
Total 3340 | 1826 | 54.7 24 39 91

One way variance analysis and linear regression were used to study egg size from
the 7 Polish rivers. Linear regression was applied in order to find an answer to the
question whether there were differences in size of eggs obtained from trout popula-
tions from different rivers. For the cases when samples from the 7 rivers were

available, the following equation of linear regression was calculated:

y=a+bx
where:
x - volume of sea trout eggs from the river ,i”,i=1 ... 7
y - volume of sea trout eggs from the river ,y”,j=1....7

The hypotheses were verified at the significance level L = 0.01:
Ho:b=1,andHo:a=o0

This is equivalent to the substantial hypothesis assuming that the volumes of sea trout
eggs are the same. The analysis was performed on the basis of mean values and for the
range of fish length 57-83 cm. For all the listed rivers, the regression function describing
the dependence of egg volume (feature ,,y”) on fish length (feature ,x”) was determined.
Such an analysis was made for both the original data and the mean values.
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The Peorson’s test x> was applied to check the agreement between the distribution
of the investigated features (egg volume and fish size) and the normal distribution.
Calculations made for the Parseta River gave the following results:
TESTING OF THE HYPOTHESIS
HO: Volume of eggs has normal distribution
x test function = 1.535
x critical value (1,0.05) = 3.841
HO ACCEPTED
TESTING OF THE HYPOTHESIS
HO: Volume of eggs has normal distribution
x test function = 1.535
x critical value (1,0.01) = 6.635
HO ACCEPTED
TESTING OF THE HYPOTHESIS
HO: Fish length has normal distribution
x test function = 5.647
x critical value (2,0.05) = 5.991
HO ACCEPTED
TESTING OF THE HYPOTHESIS
HO: Fish length | 1 distributi
X test function = 5.647
x critical value (2,0.05) =9.21
HO ACCEPTED
The tests confirmed the agreement between the obtained distributions and the
normal distribution.

3. RESULTS

3.1. LENGTH OF ARTIFICIALLY SPAWNED FEMALES

Length of the females which were subjected to artificial spawning fluctuated from
39 cm in the Grabowa River to 91 cm in Rega River. The biggest mean length was
observed in the case of Vistula sea trout, viz. 69.91 cm, while the lowest mean length
of 60.22 cm was found in the Grabowa River. The mean length of sea trout from the
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TABLE 2
Average length of females (cm) and share (%) of sea trouts from 57-81 cm length range in five-centimetre-
length-classes, and mean volume (mm) of 30 eggs in 7 Polish rivers

Percentage of females in length classes Average
Average | volume
River bR length of 30
offemales| 5o 61 | 6266 | 6771 | 7276 | 7781 | (am) eggs
(mm)
Vistula 117 9.4 14.5 38.5 26.5 11.1 69.8 2.60
Leba 106 20.8 27.4 37.7 7.5 6.6 62.7 2.39
Stupia 456 292 29.2 26.3 12.3 3.0 65.4 240
Wieprza 184 38.0 25.5 16.9 16.3 3.3 65.0 2.50
Grabowa 276 30.8 39.5 232 6.5 & 64.0 2,29
Parseta 77 29.9 22.0 299 16.9 1.3 65.7 2.31
Rega 209 15.8 29.6 36.4 13.9 4.3 66.9 2.39

Pomeranian rivers ranged from 60.22 to 65.04 cm and was considerably lower than of
Vistula sea trout (Tab. 1). These considerable differences resulted from the criterion
used during gathering of the spawners in the Vistula mouth at Swibno. Only spawners
weighing above 2.5 kg were selected. No such criterion was applied in the remaining
rivers. The calculated mean lengths of sea trouts from the length range 57-81 gave
a similar result. The mean length of sea trouts from the Vistula was 68.8 cm, while the
fish from the remaining rivers had lengths varying from 62.7 cm to 66.9 cm (Tab. 2).
These distinct differences in mean length between the sea trouts from the Vistula and
the remaining rivers resulted from more common occurrence of trout females in
higher year-classes. For example, the number of Vistula sea trouts in the length class
72-76 made up 26.5% of the total weight of Vistula trout used for spawning. In the
remaining rivers, the share of this length class ranged from 6.5% in Grabowa River to
16.9% in Parseta River. The 57-61 cm lenght class gave quite an opposite picture. It
made up only 9.4% of the Vistula sea trout, and from 15.8% in the Rega River to 38%
in the Wieprza River, the latter two representing Pomeranian rivers (Tab. 2).

The trouts from the Stupia and the Wieprza were observed in 7 and 4 spawnings
respectively. In both cases there was a visible decrease in length of the females
spawned in subsequent spawnings (Tab. 3 and 4). Similar phenomenon, though not
so strongly pronounced, was observed in the case of trouts from Stupia River, of the
same (57-83 cm) length range (Tab. 3).
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TABLE 3
Average length of sea trouts from Stupia in length ranges 44-85 cm and 57-83 cm spawned in 7 subsequ-
ent spawnings, and average volumes of 30 eggs (ml)

Length of trout females (cm)

b from 44 cm to 85 cm from 57 cm to 83 cm
sequent
spavn- | h Vol h 1
P
o il Length (cm) Z;;I;Ie Narber Length (cm) szuax(‘;'le
of SD of SD
eggs eggs
females | average | range (;gngl) females | average | range (;gj)
1 02.11 64 65.3 48-82 6.47 2.319 60 66.1 57-82 5.64 2.332
2 11.11 74 64.7 50-85 7.02 2.356 66 65.7 | 57-80 2.386
3 15.11 36 65.0 53-83 6.65 2.301 32 66.3 | 57-83 2.357
4 17.11 65 64.8 50-80 6.65 2.374 57 66.3 57-80 2.403
5 21.11 55 61.9 44-78 7.30 2.329 42 64.8 57-78 2.387
6 24.11 116 62.6 48-83 7.36 2.352 90 65.4 57-83 2.424
7 2911 174 60.2 45-83 7.56 2.292 114 64.3 57-83 5.83 2.443
Total 584 62.8 44-85 7.40 2.326 461 65.4 57-83 2.339
3.2. EGG SIZE

The egg size determined by volume of water dislodged by 30 swollen eggs ranged
from 1.3 mm® to 3.82 mm".

The first value refers to the trout from Stupia River, having the length of 58 cm,
and the second - to trout from Leba River, with the length 77 cm.

The biggest mean volume of eggs, calculated for the whole sample for the given
river, was found for trout obtained from the Vistula River. It was 2.56 mm?>. The

lowest one, 2.20 mms, was found for trout from the Grabowa River (Tab. 1).
3.3. EFFECT OF FEMALE SIZE ON THE EGGS SIZE

The results from the 7 investigated rivers showed that the size of eggs increased
with increasing length of females (Fig. 2). Calculation of the dependence between
eggs size and female size was limited to the length range 57-83 cm, and gave positive
correlation, the correlation coefficients being as follows (Fig. 3):
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Fig. 2. Average volume (ml) of 30 eggs against length in 5 centimeter classes of sea trout from 7 Polish rivers

r1 = 0.906 Wieprza River
r2 = 0.937 Stupia River

r3 = 0.650 Grabowa River
r4 = 0.814 Leba River

15 = 0.835 Rega River

r6 = 0.782 Parseta River
r7 = 0.746 Vistula River

r8 = 0.866 the whole material.
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ml 1-Y=0,214+0,035x (Wieprza)
2 - Y=0,398+0,031x (Stupia)
29 - 3-Y=0,63+0,026x (Grabowa)
4 -Y=0,058+0,037x (Leba) 8
5-Y=0,45+0,029x (Rega)
6 - Y=0,552+0,027x (Parseta)
2,8 - 7-Y=0,856+0,024x (Vistula)
8 - Y=0,433+0,03x (all materials) 5
2,6 |- 7
24 -
e | | | | — |
57 62,2 67,4 72,6 77,8 83

Fig. 3. Relationship of a volume (ml) of 30 eggs against sea trout length in 7 Polish sea trout populations

This dependence, for particular rivers and for the whole material in the length
range 57-83 cm, is expressed by the following equations:

y1=0.214 + 0.035 x Wieprza

y2 =0.398 + 0.031 x Stupia

y3 =0.630 + 0.026 x Grabowa

y4 =0.058 + 0.037 x Leba

ys5 = 0.450 + 0.029 x Rega

y6 = 0.552 + 0.027 x Parseta

y7 = 0.856 + 0.024 x Vistula

yg = 0.453 +0.030 x the whole material

As can be seen from the above functions, the dependence of egg volume on fish is
in each case significant at the confidence level L = 0.1, and is similar in the case of all

rivers.
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TABLE 4

Average length (cm) of sea trout females and average volumes of 30 eggs of Vistula sea trout in 4 subsequ-

ent spawnings

Sub- S Length (cm) Average
sequejnt Date g Ll range volume of SD
spawnings i A T SD 30 eggs
1 02.11 19 70.4 62-77 4.76 2.653 0.311
2 14.11 28 69.0 57-80 517 2.540 0.329
3 28.11 60 70.6 58-83 6.06 2.560 0.301
4 19.12 11 67.6 61-72 3.38 2.441 0.315
Total 69.1 57-83 5.49 2.559
TABLE 5
Comparison of average volumes of sea trout eggs from 7 Polish rivers
Vistula Parseta Rega Wieprza Leba Grabowa Stupia
Vistula 2 0.07 0 -0.14* -0.16 0.11 -0.05
Parseta - - -0.07 -0.21* -0.23" -0.04 -0.12
Rega - - - -0.14* -0.16™ 0.11 -0.05
Wieprza - - - - -0.02 0.25 0.09
Leba - - - - - 0.27 0.11
Grabowa - - - - - - -0.16™
Stupia - - - - - - -
NIR =0.13

x - differences at the significance level p = 0.01

3.4. DIFFERENCES IN SIZE OF EGGS OBTAINED FROM VARIOUS TROUT

POPULATIONS

The calculated mean volumes of trout eggs from the 7 rivers, and for fish

length in the range 57-83 cm, were visibly differentiated (Tab. 1 and 3). At the same

time, the mean lengths of the spawned females from the 7 rivers differed conside-

rably (Tab. 1, 2). As there was a dependence between length of trout females and

egg volume (Chapter 3.3), the analysis of the possible differences in egg size from

various populations was based on the mean egg volumes for the fish of length

range 57-83 cm.
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TABLE 6
One way analysis of variance
Feature: volume of eggs
Factor: river — 1 - Vistula, 2 - Parseta, 3 - Rega, 4 - Wieprza, 5 - Leba, 6 - Grabowa, 7 - Stupia

Table of analysis of variance

Factor of DF MS Femp
blocks 24 0.25 10.49%
factor 6 0.25 10.65™
error 144 0.02
Mean vector
2.46 2.39 2.46 2.6 2.62
2.51
NIR =0.13
*-L=001

It was found that trout eggs from any one river were not bigger compared with the
eggs from the remaining rivers. A considerable differentiation was, however, observed
between volume of eggs obtained from populations from some rivers (Tab. 5).

One way analysis of variance (characteristic - egg volume, factor - river) confir-
med the differentiation in egg volume depending on the river, therefore, on the

environment (Tab. 6).

4. DISCUSSION

Populations of the sea trout from Polish rivers contain spawners which have
passed one season in the sea (A.0+), two or three seasons (A.1+; A.2+), or older. The
females at the age of A.1+ and A.2+ represent the biggest share in the spawning. The
share of individuals aged A.0+ is lower and, of those aged A.3+ or older is even less
(Chetkowski 1969, Zarnecki 1963).

It is known from the scale reading that the trouts from Pomeranian rivers reach
the length from 41 cm to 58.6 cm after their first year of stay in the sea; from 60 cm to
68.9 cm after the second year, and from 67.8 cm to 77.5 cm after the third year of sea
life (Chrzan 1959, Chetkowski 1969, 1974).



SIZE OF THE SEA TROUT EGGS ... 15

The Vistula sea trout reached from 45.2 cm to 55.2 cm at A.0+, from 62.9 cm to 67.7
cm at A.1+, from 76.6 cm to 79.9 cm at A.2+ (Zarnecki 1963, Sych 1970).

The tagging experiment showed that the trouts from the Vistula reached 47.4 cm
- 53.7 cm after the first season, 68.3 - 69.5 cm after the second season, and 75.3 - 79.4
cm after the third season in the sea (Backiel, Bartel 1967, Palka, Bieniarz 1983, Bartel
1988).

The tagged trouts from the Grabowa River reached on the average 51.2 cm (range
40-65 cm), 62.3 cm (range 40-77 cm) and 68 cm, after the first, the second and third
year of sea life respectively (Bartel 1987).

Taking the above data into account, it can be said that individuals at the age A.1+
and A.2+ prevailed in the collected material from the Vistula River. The share of older
age groups was insignificant. The materials gathered from the Pomeranian rivers
included also the age group A.0+, but its share was small.

As the age of femals from which the eggs for size determination were gathered
was not defined, and as, at the same time, the length distribution of the trout made it
impossible to segregate fish into age classes, it was difficult to determine the influence
of female age on the egg size. However, the effect of female length on egg size
observed by numerous authors (Juszczyk 1951, Pekarkova 1956, Allen 1958, Dumas
1961, Schéperclaus 1961, Sakowicz 1961, Scott 1962, Steffens 1963, Mc Fadden et al.
1965, Szczerbowski 1966, Bulkley 1967, Hardy 1967, Farid Pak 1968, Chelkowski et al.
1985) was also noticed in the case of trout from Vistula and Pomerania.

Some differences were observed in the size of eggs originating from various trout
populations. A similar phenomenon was observed in salmon from three Swedish rivers
(Larsson, Pickova 1978) and in salmon from Russian rivers (Anohina, Bakulina 1990).
Some authors related these differences to fucundity of brown trout (McFadden et al. 1965)
or to the size of Salmo alpinus L. females and their fucundity (Méaar 1950). However, in the
case of trouts from Polish rivers, domination of egg size of any one population was not
observed though some differences between populations were noted.
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STRESZCZENIE

ROZMIARY IKRY TROCI (Salmo trutta L.) Z SIEDMIU RZEK POLSKICH

Celem pracy bylo poréwnanie rozmiaru ikry troci z 7. rzek polskich, w ktorych w 1993 r. przeprowa-
dzano sztuczne tarlo (rys. 1). Wycierane samice mierzono z dokladnoscia do 1 cm. Z kazdej samicy
pobierano 30 ziarn, ktérych objetos¢ mierzono w biurecie przez okreslenie ilosci wypartej wody.

Zebrano material z 1826 samic (tab. 1). Dla okreslenia roznic w rozmiarach ikry troci z polskich rzek
zastosowano regresje liniowa. Na poziomie istotnosci 0,01 testowano hipoteze zerowa, ze nie ma réznic
w objetosci ikry troci z roznych rzek. Analize prowadzono na $rednich wartosciach dla troci o dtugosciach
od 57 do 83 cm. Dla wszystkich rzek opisano rownaniem regresji zaleznosc: , objetosc ikry - dtugosé troci”.
Byly one liczone dla pomiaréw indywidualnych i dla srednich wartosci. Test Persona x* uzyto dla
normalnym. Przeprowadzone obliczenia wykazaly, ze zarowno dlugosc troci jak i objetos¢ ikry miaty
rozkiad normalny. Dlugos¢ samic troci wahata sie od 39 cm do 91 cm. Najwieksza srednia dtugosé 69,91
cm posiadaly trocie z Wisty, a najmniejsza z Grabowej - 60,22 cm. Srednia dtugosé troci z rzek pomorskich
wynosita od 60,22 cm do 65,04 cm (tab. 1). W Wisle na tarlaki zatrzymywano ryby o masie powyzej 2,5 kg.
Dla przedzialu diugosci samic troci od 57 do 81 cm srednia diugos¢ samic z Wisty byta 68,8 cm, a z rzek
pomorskich od 62,7 do 66,9 cm (tab. 2). Srednia dtugos¢ samic wycieranych w kolejnych tartach zmniejszata
sie (tab. 3 i 4). Objetos¢ 30 ziarn ikry wahata sie od 1,3 mm?® do 3,82 mm?>, Najwieksza sredniq objetosc ikry
obserwowano u troci z Wisty 2,56 mma, a najmniejsza z Grabowej 2,20 mm? (tab. 1). Rozmiar ikry zwiekszat
sie wraz ze wzrostem diugosci samic (rys. 2). Obliczenia zaleznosci miedzy rozmiarem ikry a rozmiarem
samicy byty ograniczone do dtugosci 57-83 cm. Daly one pozytywna korelacje (rys. 3) i zaleznos¢ te opisano
rownaniami. Zaleznos¢ ta byla istotna dla wszystkich rzek na poziomie istotnosci 0,1.

Srednie objetosci jaj z 7 rzek dla ryb o dlugosciach 57-83 cm byly wyraznie rozne (tab. 1 i 3),
rownoczesnie srednie dtugoéci wycieranych samic z 7 rzek znacznie sie roznity (tab. 11i2). Nie stwierdzono,
aby ikra troci z jednej rzeki byta wyraznie wieksza niz z pozostalych rzek, chociaz obserwowano istotne
zroznicowanie miedzy objetosciami jaj troci z réznych rzek (tab. 5).

Jednoczynnikowa analiza wariancji (objetos¢ ikry - rzeka) potwierdzila roznice w objetosci ikry
zaleznie od rzeki (tab. 6). Moze sie to wigzac¢ z warunkami srodowiska.
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