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Nine populations of bream from the Vistula River, its 

tributaries, Vistula Lagoon, and certain darn reservoirs were 

compared in terms of their 8 meristic characters. The 

significance of differences between mean values of each 

character found for any two populations was tested by means 

of analysis of variance, while Student's t test served to 

analyse the between-populations differences. The studies 

showed the differences between rneristic characters to be 

insufficient for separating a population differing in several 

characters from the others. 

INTRODUCTION 

The aim of the present work was to follow the variability in meristic characters of 

bream (Abramis brama L.), one of the commonest fish species in Poland. The bream 

occurs in inland water bodies, lowland rivers, and dam lakes. Within its distribution range, 

the bream forms 3 geographical races (subspecies): the Aral-Caspian (Abramis brama 

orientalis Berg, 1849), western (A. brama brama Linnaeus, 1758), and south-European 

(A. brama danubii Pavlov, 1956) ones. The subspecies listed differ in their occurrence 
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range as well as in their counts of vertebrae, gill filtration processes, lateral line scales, and 

anal fin rays. The Polish bream is considered to belong to the western race. 

The bream has been subject to extensive studies as a part of the Man and Biosphere 

programme covering "The species and its productivity within its distribution range", the 

project being coordinated by the Academy of Sciences of the USSR. The present work is 

a part of that study. 

MATERIALS AND METHODS 

The study materials were collected from commercial catches of fishermen's coopera­

tives operating in 1972-1974 at 9 sites located along the Vistula River, its tributaries, 

Vistula Lagoon, and dam reservoirs. The collecting sites are shown on a map (Fig. 1 ). The 

Goczalkowice Reservoir is located 45 km from the Vistula origin, while the Czchow 

Reservoir is a compensatory basin for the Rozn6w Lake situated on the Dunajec River, a 

right-side Vistula tributary. The reservoir on the Vistula off Wlodawek, 67 4 km from the 

river origin, was constructed in 1970. Table 1 summarises data on the material collection: 

geographical location of the sites, sampling dates, and numbers of fishes. 

Eight meristic characters were determined for every specimen collected: ray counts in 

the dorsal, anal, pectoral and ventral fins, numbers of gill filtration processes, vertebrae, 

and lateral line scales; the pharyngeal teeth pattern was also determined each time. 
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Fig. l. Place of collected material for investigations 



Description of materials examined 

Geographic location 

Collection site Symbol longitude .latitude Date 

East North 

Vistula Lagoon, 
off Frombork 1 19

° 

42' 54
°

18' 19 Dec. 1974 

Vistula off Tczew 2 18
°

45' 54
°06

1 

28 Feb. 1973 

Vistula off Bydgoszcz 3 18
°

00
1 

53
°

101 

l Feb.1972 

Vistula off Torun 4 18
°

35
1 

53
°

05' 4 Jan. 1974 

Vistula off Wfocfawek 5 19°05' 52
°

40
1 

22 Feb. 1973 

Vistula off Modlin 6 20
°

42 1 

52
°

251 

16 March 1973 

Vistula off Pul'awy 7 21
°

57' 51
°

25 1 

8 March 1973 

Dunajec, Czchow Reservoir 8 20°55
1 

49
°50

1 

9 Nov. 1973 

Vistula, Goczal'kowice 9 18
°

50
1 

49
°55 1 

20 April 1974 
Reservoir 

Total 

Nwnber Body length 
of (Le.) 

individ. range 

76 22.4-31.3 

106 22.5-30.7 

123 15.9-28.2 

126 18.1-29.2 

75 24.7-33.4 

162 20.1-31.4 

89 22.8-29.4 

94 30.2-35.5 

198 16.7-28.2 

1049 

Table 1 

Mean 

26.41 

25.40 

21.60 

23.87 

27.57 

25.07 

26.56 

33.21 

21.93 

Nw
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Table 2 

Monthly (May - V, June - VI) and annual, x, mean water 

temperatures over 1963-1973 in the Vistula sections studied, according to Anon. (1975)

Vistula section symbol (in table 1) 

Year Month 
2 3 4 5 6 7 

1963 V 16.5 14.1 17.1 17.2 17.0 17.3 

VI 19.5 18.9 20.0 19.5 19.3 20.0 

x 9.9 10.0 10.l 10.l 9.9 10.7 

1964 V 14.9 13.8 13.3 15.1 14.4 15.3 

VI 21.4 20.2 22.8 22.3 22.5 22.8 

X 9.7 9.9 9.9 9.8 9.6 10.2 

1965 V 12.2 11.4 12.3 12.2 11.9 13.2 

VI 17.5 16. 7 17. 7 17.4 17.4 17.9 

x 9.2 9.3 9.1 9.0 8.8 9.4 

1966 V 15.8 12.7 16.1 16.2 16.0 16.6 

VI 19.2 16.4 19.3 19.1 19.0 17 .8 

x 9.9 9.6 10.0 10.1 9.7 10.3 

1967 V 15.3 13.6 15.5 15.5 15.8 14.9 

VI 18.2 17.8 18.3 :J.8.2 18.4 17.7 

X 10.6 10.6 10.5 10.6 10.4 10.6 

1968 V 14.8 13. 7 14.5 14.8 14.5 15.2 

VI 20.0 18.2 20.0 20.2 20.1 19.9 

x 10.3 10.4 10.0 10.2 9.8 10.3 

1969 V 15.8 13.0 16.3 17.0 16.6 17.3 

VI 18.5 17.4 19.3 19.8 19.3 18.6 

i 9.3 9.4 9.5 9.7 9.4 9.7 

1970 V 14.0 12.2 14.3 14.6 14.3 14.1 

VI 18.4 17.3 18.8 19.0 19.0 18.3 

x 9.0 8.9 9.3 9.5 9.1 9.4 

1971 V 14.8 13.8 15.4 15.7 15.6 15.1 

VI 18.8 17.9 19.0 19.5 19.0 18.8 

i 9.7 9.7 10.0 10.4 9.6 10.2 

1972 V 13.8 12.5 14.7 15.3 15.3 14.5 

VI 18.5 17.3 18.8 19.5 19.6 19.0 

i 9.6 9.7 10.1 10.4 9.6 9.7 

1973 V 14.0 12.2 14.3 14.4 15.3 14.7 

VI 18.6 17.2 18.3 18.3 18.5 17 .2 

i 9.9 9.7 10.1 10.3 9.8 9.0 
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For the sake of clarity, each character was denoted by a symbol used hereafter in the 

text and tables. Both hard and soft rays were counted in fins. While the hard rays counts 

remained stable in each generation and population, numbers of soft rays varied and 

therefore only they were analysed. All the filtration processes on the first gill arch were 

counted. Vertebrae counts were read from X-ray prints made specially for the purpose, 

Weber's apparatus (4 vertebrae) being included and the urostyl disregarded. No clear 

anomalies in the vertebral structure, fusion or distortion of any spinal segment, was found 

in the present study. 

The pharyngeal teeth were counted from both sides. Additionally, the length (to 

1 mm), weight (to 5 g), and age of each individual examined were determined, the age 

being read from annual rings on scales taken from the first two rows above the lateral 

line, under the dorsal fin. 

Analysis of variance (ANOVA) was used to test the meristic character variability. The 

between-populations differences for the total material and the between-generations ones 

for each population were tested. The differences between sexes were disregarded as they 

had been found to be associated with generations. Differences arising from the time and 

place of birth were looked for on the assumption that they might have affected the final 

results. The calculations were performed on an Odra 1204 computer at the Computer 

Centre, Academy of Agriculture and Technology, Olsztyn. The ANOV A was .run at 

n = 0.01; if a calculated value of F exceeded the tabulated value of F0_01, the difference

was considered significant. Between-populations comparisons were additionally per­

formed using Student's t test, a statistical procedure allowing to detect the significance, if 

any, of differences between means of two samples. Should the difference obtained exceed 

the LOP (Least Difference Proven) value, it was considered significant. 

DESCRIPTION OF HABITATS 

The Vistula is Poland's largest river measuring 1068 km. Its drainage area covers 

193 911 km2
• The Vistula catchment basin consists in 40% of mountainous and highland 

area and in 60% of lowlands (Anon., 1975). Water quality in Poland is monitored by 

Centres for Environmental Studies and Control, their reports serving to evaluate the 

degree of cleanness of the Vistula. 

The cleanest (Class 1) waters are those from the origins to the Goczalkowice 

Reservoir; they are permitted for municipal purposes and salmonid breeding. Past the 

Reservoir down to 170 km (the Dunajec mouth) the water is most polluted as textile 

plants, metal mills, coal and ore mines, oil refinery and chemical plants discharge their 

wastes into the river. From the Dunajec mouth down to the Skrwa mouth (170 to 

650 km) the Vistula water belongs to class 3 considered sufficient for industrial purposes, 

irrigation and horticulture. Farther on, down to the mouth, the Vistula water reaches 

class 2 sufficient for non-salmon:d rearing, animal husbandry and recreation purposes. 
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When at full swell, the Goczalkowice Reservoir covers the area of 3200 ha (ea 2500 ha 
at a mean swell); the maximum depth at the dam is ea 15 m. The Reservoir has been 
stocked with pik.eperch, bream, and pike (Wajdowicz, 1958). 

The total area of the Czch6w Reservoir is 346 ha, while its utility area covers 234.6 ha. 
The Reservoir is 8.5 km long, its mean and maximum depths being 3.4 and 12.5 m, 

respectively. The Reservoir has not been stocked with bream; the species has immigrated 
into it from the Rozn6w Reservoir. 

The dam reservoir off Wloclawek covers 70.4 km2
; its mean and maximum depths are 

5.5 and 12 m, respectively, its axial length being 58.6 km. The reservoir is a flow=through 
water body of a poorly developed shore line. Bettom sediments here show high contents 
of phenols, oil and fats, while fatty slicks or continuous films are observed on the surface 
(Bierwagen, 1973). Among the reservoirs studied, that off Wfoclawek is the most 
polluted. 

Temperature effects on the duration of hatching and formation of vertebrae, fin rays, 
and lateral lii,e scales have been stressed by many authors publishing experimental data 
(Orska, 1956; Taning, 1944, 1950) and comparing natural populations from various areas 
(Chabanaud, 1929; Hubbs, 1922; Schmidt, 1930). Table 2 summarises temperature data 

for both the spawning season and the whole year for the Vistula sections studied. The 
table entries were compiled from reports prepared by the Institute of Meteorology and 
Water Management. No temperature data exist for populations from the Vistula Lagoon, 
Czchow and Goczalkowice Reservoirs. The data obtained indicate higher temperatures, 
both annual means for 1963-1973 and those recorded in May-June, i.e., during bream 
spawning, to occur in the Vistula off Toruri and Wfodawck. 

Mean annual temperatures for various parts of the Vistula differ from year to year; in 
some years (1963, 1967, 1968, 1971) annual means exceeded the decade mean, while in 
other years (1965, 1970) the reverse was true. In 1963 and 1969, monthly means for May 

and June (the bream spawning period in most Polish waters) were higher than those 
recorded in other years. 

RESULTS 

The variability of meristic characters in the nine bream population studied was 

determined by calculating the range of values and standard deviation for each character 
(Table 3). The between-generations differences were assessed by means of Snedecor's F 
test (Table 4 ), while the between-populations variability was tested by Student's t (Tables 
5-11). Table 12 contains data on the pharyngeal teeth formula variability. The bream
individuals examined showed the presence of three hard rays each in the dorsal and anal
fins, and two each in the pectoral and ventral ones.



Meristic 

character 

D 

A 

V 

Jl' 

sp. br. 

vt. 

11. 

x = arithmetic mean 

a = standard deviation 

* = lowest mean

*" = highest mean

Range 

8-10

22-28

7-8

12-16

20-26

41-44

53-57

Variability of meristic characters in Vistula bream populations studied 

Bream population studied 

l 2 3 
n = 76 n = 106 n = 123 

x a Range i (J Range x 

8.94* 0.32 8-10 8.99 0.25 8-,-10 9.13** 

25.25 1.25 21-29 25.26 1.43 22-29 25.72 

7.90 0.29 7-8 7.97 0.29 7-9 7.89 

13.88 0.80 12-16 13.83 1.10 12-15 13.56* 

23.05** 1.31 16-25 21.13 l.74 17-25 20.54 

43.13 0.57 41-45 43.63 .... 0.85 42-45 43.05 

54.90*"' 1.14 50-59 54.04 1.85 50-57 53.33 

Table 3 

n = 126 

a Range i a 

0.46 8-10 8.97 0.23 

1.23 21-28 25.07"' 1.42 

0.40 6-9 7.95 0.35 

0.72 12-16 13.63 0.93 

1.88 17-25 21.37 3.10 

0.44 41-46 43.44 2.26 

2.45 48-58 53.37 2.43 



ed. t able 3 

5 

n = 75 

Range x a Range 

8-10 9.01 0.25 8-10

23-28 25.08 1.09 21-29 

7-9 7.96 0.30 6-9

12-16 13.74 0.93 12-17

18-25 22.37 3.73 16-26

41-44 42.89 1.74 41-45

51-57 54.06 2.41 51-59

D number of dorsal fin soft rays 

A number of anal fin soft rays 

V number of ventral fin soft rays 

P number of pectoral fin soft rays 

6 
n = 162 

x 

9.01 

25.28 

1.95 

13.97 

21.70 

43.01 

53.84 

sp. br number of filtration processes on gil l arch 

ll number of lateral line scales 

vt number of vertebrae 

a Range 

0.26 8-10

1.62 21-27

0.31 6-9

1.00 12-17 

3.34 17-24

1.23 42-45

4.59 51-57

7 8 
n = 89 n = 94 

x a Range x 

9.02 0.30 8-10 8.97 

25.35 1.35 22-29 26.42*"' 

8.00 0.42 7-9 8.02*"' 

13.96 1.01 12-17 14.60** 

22.23 3.60 17-24 21.38 

43.03 2.02 42-44 43.05 

53.78 2.26 51-59 53.52 

a Range 

0.29 8-10

1.56 22-30 

0.20 6-9

1.03 12-16

3.96 16-25

1.15 42-46

2.38 48-58

9 
n = 198 

x 

9.04 

26.26 

7.95 

13.72 

19.8!1* 

42.65* 

52.95* 

a 

0.25 

1.42 

0.25 

0.83 

2.60 

l.77

1.90 

N 
00 
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Between-generations differences as calculated with Snedecor's F test for bream populations studied 

Meristic character 

l 

D • 

A 

V 

p 

sp.br. 

vt. 

l.L

difference significant at Ol = 0.05 

difference significant st Ol = 0.01 

2 3 

• • 

X 

X 

4 

• 

X 

e 

Bream population 

5 6 

D number of dorsal fm soft rays 
A of anal ,, 
V of ventral,, 
P ,, of pectoral ,, ,, 
sp.br. number of filtration processes 

on gill arch 

11. number of lateral line scales
vt of vertebrae

7 

@ 

Table 4 

8 9 

X 



* 

LDP 

Analysis of significance of differences between mean numbers of dorsal fin soft rays in bream populations studied (1-9) , 

Population l 2 3 4 

xl -x2 

1 X +0.05 +0.19·• +0.03

2 -0.05 X +0.14 -0.02 

3 -0.19 -0.14 X -0.16

4 -0.03 +0.02 +0.16 X 

5 -0.07 -0.02 +0.12 -0.04

6 -0.07 -0.02 +0.12 -0.04 

7 -0.08 -0.03 +0.11 -0.05

8 -0.03 +0.02 +0.16 0.00

9 -0.10 \ -0.05 +0.09 -0.07

difference between mean numbers of rays in populations 1 and 2 

difference significant if x
3 -x1 > LDP 

(Least Difference Proven) = 0.18 

5 6 7 8 

+0.07 +0.07 +0.08 +0.03

+0.02 +0.02 +0.03 -0.02

-0.12 -0.12 -0.11 -0.16 

+0.04 +0.04 +0.05 0.00

X O.QO +0.01 -0.04

0.00 X +0.01 -0.04

-0.01 -0.01 X -0.05

+0.04 +0.04 +0.05 X 

-0.03 -0.03 -0.02 -0.07

Table 5 

9 

+0.10

+0.05

-0.09

+0.07

+0.03

+0.03

+0.02

+0.07

X 

w 
0 
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Fin soft rays number variability 

T'ne number of soft rays in the dorsal fin (D) in the bream populations studied ranged 
from 8 to 10; the mean ranged from 8.94 (the Vistula Lagoon) to 9.13 (the Vistula off 
Bydgoszcz) (Table 5). The between-generations compmison in terms of the dorsal fin soft 
rays number revealed significant differences to occur in two populations: the Vistula 
Lagoon and off Torui1, no significant differences occurring between generations of the 
remaining populations. 

The generations born in 1967 and 1970 (the Vistula Lagoon) and in 1966 and 1967 
(off 'forun) showed higher numbers of soft rays than those born in 1970 (the Vistula 
Lagoon) and 1969 (off Torun). These results are not fully consistent with thermal 
changes in water (Table 2). 

No marked differences in terms of the dorsal fin soft rays number were found to exist 
between the bream populations living up- and down-stream. Significant differences 
occurred between populations 3 and 1 (the Vistula Lagoon and the Vistula off 
Bydgoszcz) (Table 5), the bream from the latter locality showing a higher number of rays. 

The number of soft rays in the anal fin (A) in the Vistula bream populations studied 
ranged from 21 to 30 (Table 3), the mean ranging from 25.07 (the Vistula off Torun) to 
26.42 (1:he Czch6w Reservoir). 

The populations studied showed no significant between-generations differences in their 
anal fin soft rays numbers (Table 4). Two up-stream popuhitions (from the Czch6w and 
Goczalkowice Reservoirs) were found to differ with respect to this character from the 
remaining populations. 

The number of soft rays in the ventral fin (V) ranged in the populations studied from 
6 to 9 (Table 3), the mean ranging from 7 .89 ( off Bydgoszcz) to 8 .02 ( the Czch6w 
Reservoir). 

The bream populations studied showed no significant between-generations differences 
in their ventral fin soft rays numbers (Table 4); similarly, no significant between-popula­
tions differences were found with respect to this character (Table 7). 

The number of soft rays in the pectoral fin (P) ranged in the populations studied from 
12 to 17 (Table 3), 1:he mean ranging from 13.56 (off Bydgoszcz) to 14.60 (the Czch6w 
Reservoir). Significant between-generations differences were found in the Vistula bream 
populations occurring off Tczew, Bydgoszcz, Torun, and Pulawy. Older generations of 
these four populations showed higher numbers of the pectoral fin soft rays. The 
between-generations differences found are not consistent with thermal changes, and 
might be associated with the water pollution, increasing in these parts of the river. The 
Czch6w Reservoir population is significantly different from the others in its higher mean 
pectoral fin soft rays count amounting to 14.60. 

Filtration processes number variability 

The number of filtration processes in the bream populations studied ranged from 16 to 
26 (Table 3), the mean ranging from 19.88 (the Goczalkowice Reservoir) to 23.05 (the 
Vistula Lagoon). 



Analysis of significance of differences between means number of anal fin soft rays in bream populations studied (1-9) 

Population 1 2 3 4 

X -X 
1 2 

LDP 

-

X1-X
2 

1 X +0.01 +0.47 -0.18

2 -0.01 X +0.47 -0.17

3 -0.47 -0.46 X -0.65

4 +0.18 +0.19 +0.65 X 

5 +0.17 +o.18 +0.64 -0.01

6 -0.03 -0.02 +o.44 -0.21

7 -0.10 -0.09 +0.37 -0.28

8 -1.17 -1.16 -0.70 -1.35 

9 -1.01 -1.00 -0.54 -1.19

= difference between mean numbers of rays in populations 1 and 2 
= difference significant if x8 -x1 > LDP 

(Least Difference Proven) = O. 84 

5 6 7 8 

-0.17 +0.03 +0.10 +L17*

-0.18 +0.02 +;0,09 + 1.16* 

-0.64 -0.44 -0.37 +0.70

+0.01 +0.21 +o.28 +1.35*

X +0.20 +0.27 +1.34*

-0.20 X +0.07 +l.14*

-0.27 -0.07 X +L07 

-1.34 -1.14 -1.07 X 

-1.18 -0.98 -0.91 +0.16

TabRe 6 

9 

+1.01 * 

+1.00* 

+0.54 

+1.19

+1.18* 

+0.98*

+0.91*

-0.16

X 

I;.) 
N 



Analysis of significance of differences between mean numbers of ventral fin soft rays in bream populations studied (1-9) 

Populations 1 2 3 4 

-

x1-x2

l X +0.07 -0.01 +0.05

2 -.0.07 X -0.08 -0.02

3 +0.01 +0.08 X +0.06

4 -0.05 +0.02 -0.06 X 

5 -0.06 +0.01 -0.07 -0.01

6 -0.05 +0.02 -0.06 0.00

7 -0.10 -0.03 -Q.11 -0.05

8 -0.12 -0.05 -0.13 -0.07

9 -0.05 +0.02 -0.06 0.00

x 1 -x 2 = difference between mean numbers of rays in populations l and 2

LDP (Least Difference Proven) = 0.19 

5 6 7 8 

+0.06 +0.05 +0.10 +0.12

-0.01 -0.02 +0.03 +0.05

-,0.07 +0.06 +0.11 +0.13

+0.01 0.00 +I).OS +0.07

X -0.01 +0.04 +0.06

+0.01 X +0.05 +0.07

-0.04 -0.05 X +0.02

-0.06 -0.07 -0.02 X 

+0.01 0.00 +0.05 -0.07

Table 7 

9 

+0.05

-0.02

+0.06

0.00

-0.01

0.00

-0.05

+0.07

X 

w 
w 



Analysis of significance of differences between mean numbers of pectoral fin soft rays numbers in bream populations studied (1-9)

Populations 1 2 3 4 

LDP 

-
x1-x2 

X -0.05 -0.32 -0.25

2 +0.05 X -0.27 -0.20

3 +0.32 +0.27 X +0.07

4 +0.25 +0.20 -0.07 X 

5 +0.14 +0.09 -0.18 -0.H

6 -0.09 -0.14 -0.41 -0.34

7 -0.08 -0.13 -0.40 -0.33

8 -0.72 -0.77 -1.04 -0.97

9 +0.16 +0.11 -0.16 -0.09

= difference between mean numbers of rays in populations 1 and 2 
= difference significant if i"Z8 

-i1 > LDP
= (Least Difference Proven) = 0.56 

5 6 7 8 

-0.14 +0.09 +0.08 +0.72"

-0.09 +0.14 +0.13 +0.77*

+0.18 +0.41 +0.40 +1.04*

+0.11 +0.34 +0.33 +0.97*

J{ +0.23 +0.22 +OJl6'"

-0.23 X -0.01 +0.63*

-0.22 +0.01 X +0.64*

-0.96 -0.63 -0.64 X 

+0.02 +0.25 +0.24 +0.98"

Table 8 

9 

-0.16

-0.11

+0.16

+0.09

-0.02

-0.25

-0.24

-0.98

X 
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The between-generations comparison of the filtration processes counts in the 
populations studied revealed significant differences to occur off Bydgoszcz, Torun, and in 
the Goczalkowice Reservoir (Table 4). Various generations of the same bream population 
were found to differ in their filtration processes counts, older individuals showing higher 
counts. Similar was the case in some populations (off Tczew and Bydgoszcz) with respect 
to their pectoral fin soft rays numbers. 

Marked differences in the filtration processes numbers are found between populations 
distributed along the course of the Vistula. Significant differences between the mean 
numbers occur for the Vistula Lagoon population vs. those from off Tczew, Bydgoszcz, 
and from the Goczalkowice Reservoir, and also for the latter vs. those from off 
Wlodawek, Modlin, and Pulawy (Table 9). 

The Vistula sections off Wlod awek and Pulawy are known for their marked industrial 
pollution. Away from these sections, the filtration processes counts tend to decrease, the 
lowest mean (19.88) being found in the Go.czalkowice Reservoir individuals, i.e. those 
:inhabiting the cleanest water. It should be noted that the meristic character discussed is 
the most variable among those analysed in the present study. 

Vertebrae number variability 

The numbers of vertebrae in the bream individuals examined ranged from 41 to 46 
(Table 4), the mean ranging from 42.65 (the Goczalkowice Reservoir) to 43.63 (off 
Tczew) (Table 3). 

The between-generations comparisons revealed significant differences to occur in the 
population from off Tczew (Table 4), the remaining ones showing no significant 
differences between generations. The highest counts in the population from off Torun 
were found in the 1964 and 1967 generations, while the 1965 one showed the lowest 
count. These differences are not consistent with a known tendency for higher vertebrae 
numbers at lower temperatures on spawning (Jensen, 1939, 1944; Jordan, 1891; Taning, 
19 44). The between-populations comparisons revealed significant differences to occur 
between the populations from off Tczew and Goczalkowice Reservoir (Table 10). 

Variability in lateral line scales number 

The numbers of lateral line scales in the bream populations studied were found to vary 
from 48 to 59 (Table 3), the mean ranging from 52.95 (the Goczalkowice Reservoir) to 
54.90 (the Vistula Lagoon). 

The populations studied showed no significant between-generations differences 
(Table 4). Significant between-populations differences were found for those populations 
:inhabiting the origins of the river and its terminal section (Table 11): the Vistula Lagoon 
population with its mean of 54.90 lateral line scales differed significantly from the 
Goczalkowice Reservoir one with a mean of 52.95 (Table 3). 



Analysis of significance of differences between mean numbers of gill processes in bream populations studied (1-9) 

Populations 1 2 3 4 

X1-X2 

l X -1.92 -2.51 -1.68

2 +1.92* X -0.59 +0.24

3 +2.51 * +0.59 X +0.83

4 +1.68 -0.24 -0.83 X 

5 +0.68 -1.24 -1.83 -1.00

6 +1.35 -0.57 -1.16 -0.33

7 +0.82 -1.10 -1.69 -0.86 

8 +l.67 -0.25 -0.84 -0.01 

9 +3.17* +1.25 +0.66 +1.49

x1 -\ = difference between mean numbers of processes in populations 1 and 2
* = differences significant if x1 -x

2 > LDP

LDP (Least Difference Proven) = 1. 7 5

5 6 7 8

-0.68 -1.35 -0.82 -1.67

+1.24 +0.57 +l.10 +0.25

+1.83 +1.16 +1.69 +0.84

+l.00 +0.33 +0.86 +0.01

X -0.67 -0.14 -0.99 

+0.67 X +0.53 -.0.32 

+0.14 -0.53 X -0.85

+0.99 +0.32 +0.85 X 

+2.49 '-' +UU* +2.35 >!< +1.50

Table 9 

9 

-3.17

-1.25 

-0.66 

-1.49

-2.49

-1.82

-2.35 

-1.50

X 



Analysis of significance of differences between mean numbers of vertebrae in bream populations studied (1-9)

Population l 

i 

1 X 

2 -0.50

3 +0.08

4 -0.31

5 +0.24

6 +0.12

7 +0.10

8 +0.08

9 +0.48

2 

X -X 
1 2 

+0.50

X 

+0.58

+0.19

+0.74

+0.62

+0.60

+0.58

+0.98*

3 4 

-0.08 +0.31

-0.58 -0.19

X +0.39

-0.39 X 

+0.16 +0.55

+0.04 +0.43

+0.02 +0.41

0.00 +0.39

+0.40 +0.79

x;-x 1 "" differem:e between mean vertebrae numbers in populations 2 and 1
* . :"' difference significant if x2 -x9 > LDP

(DP (Least Difference Pr�ven) "" 0.90

5 6 7 

-0.24 -0.12 -0.10

-0.74 -0.62 -0.60

-0.16 -0.04 -0.02

-0.55 -0.49 -0.41

X +0.12 +0.14

-0.12 X +0.02

-0.14 -0.02 X 

-0.16 -0.04 -0.02

+0.24 +0.36 +0.38

Table 10 

8 9 

-0.08 -0.48

-0.58 -0.98

0.00 -0.40

-0.39 -0.79

+0.16 -0.24

+0.04 -0.36

+0.02 -0.38

X -0.70

+0.70 X 



Analysis of significance of differences between mean numbers of lateral line scales in bream populations studied (1-9) 

Population 1 2 3 4 

-

x1-x2 

1 X -0.86 -1.57 -1.53

2 +0.86 X -0.71 -0.67

3 +l.57 +0.71 X +0.04

4 +l.53 +0.67 -0.04 X 

5 +0.84 -0.02 -0.73 -0.69

6 +1.06 +0.20 -0.51 -0.47

7 +1.12 +0.26 -0.45 -0.41

8 +1.38 +0.52 -0.19 -0.15

9 +1.95* +1.09 +0.38 +0.42

x1 -x2 = difference between mean lateral line scales numbers in populations l and 2 

* difference significant if x1 -iZ2 > LDP
LDP (Least Difference Proven) = 1.62 

5 6 7 8 

-0.84 -1.06 -1.12 -1.38 

+0.02 -0.20 -0.26 -0.52

+0.73 +0.51 +0.45 +0.19

+0.69 +0.47 +0.41 +0.15

X -0.22 -0.28 -0.54

+0.22 X -0.06 -0.32

+0.28 +0.06 X -0.26

+0.54 -0.32 +0.26 X 

+l.11 +0.89 +0.83 +0.57 

Table 11 I� 

9 

-1.95

-1.09 

-(i.38 

-0.42

-l.11

-0.89 

c.:.o.s3 

-0.57 

X 
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Table 12 

Pharyngeal teeth formulae in bream populations studied 

Formula dentium 

Population 5-5 5-4 4-5 6-5 4-4

1 76 76 

2 97 6 3 106 

3 112 3 6 2 123 

4 121 2 3 126 

5 72 1 2 75 

6 158 2 2 162 

7 89 89 

8 88 2 4 94 

9 188 3 4 3 198 

Total 1001 19 24 3 2 1049 

% 95.42 1.81 2.29 0.29 0.19 100.00 

Pharyngeal teeth formula variability • 

The bream shows most often a single row of pharyngeal teeth, their fonnula being 
5-5. This was the most frequent pattern (95.4%) among the individuals examined. 

Additionally, other patterns (5-4, 4-5, 4-4) were observed, as presented in Table 12 . 
None of the individuals examined had teeth arranged in two rows. 

DISCUSSION 

. Meristic characters of an individual remain stable throughout its life span. Among 
conspecific individuals and within a population each character can vary to a certain 
extent. The more enhanced is variability among conspecific populations and within a 
population, the more restricted is gene flow. When two populations are isolated by the 
geographic location of their habitats, their genetic variability may go so far as to give rise 
to emergence of different characters sufficient to separate subspecies. It is not, however, 
always that the between-populations differeqces allow to establish subspecies, even if the 
populations in question differ in one or several characters, because of an overlap in 
variability ranges. The variability in meristic characters is affected by various environ­
mental factors acting either individually, e.g., temperature (Hubbs, 1922; Taning, 1950), 
space (Chabanaud, 1929; Fage, 1911), light (Vladykov, 1934), or combined. 

The 
s;.� ·-·· number " of . dorsal· fm soft rays in the bream populations studied, when 
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compared with literature data, is very similar to that found in other rivers (Gflsowska, 
1962, 1968; Vladykov, 1931; Zukov, 1958). The range (8-10 rays) found in this study is 
identical to the literature data. 

Similarly, the range of anal fin soft rays numbers (21-30) found in the Vistula bream 
populations is the same as that reported in the literature (Gflsowska, 1962, 1968; 
Saposnikova, 1948; Zukov, 1958, 1965). 

The literature reports on data on the ventral fin soft rays numbers in the bream. The 
numbers seldom vary in other fish species (Vladykov, 1934). 

No literature data were found for the bream pectoral fin soft rays number, therefore 
no comparison can be offered here. 

The bream individuals examined were found to possess from 16 to 26 gill processes; 
the literature records a range from 17 (Potapova, 1954) to 30 (Pavlov, 1956). A number 
of workers observed a narrower range of gill processes on the first gill arch (Berg, 1949; 
Gqsowska, 1962, 1968; Jankovic, 1966; Saposnikova, 1948; Zukov, 1958, 1965). The gill 
processes count is considered a key taxonomic character, particularly in salmonids 
(Szczerbowski, 1970). It is often associated with water oxygen content. In many cases 
there is an other direct relationship: those fishes of higher vertebrae and rays counts show 
a higher number of gill processes (Vladykov, 1934). 

The vertebrae count range found in the bream populations studied is narrower than 
that reported in the literature for riverine bream. Zukov (1965) found 37-47 vertebrae in 
the Dnieper bream, while the range found in this study was 41-46. 

Toe· vertebrae bumber remains stable throughout an individual's life span. A reverse 
relationship between the vertebrae count and water temperature has been known for a 
long time. The fishes from northern, colder waters are found to show a higher number of 
vertebrae than the conspecific individuals from southern, warmer water bodies. This 
principle has been recognised as a scientific law since Jordan's studies, in 1868, on a large 
number of fish sp�cies (Jordan, 1891). 

The fishes inhabiting open waters are usually observed to have higher numbers of 
vertebrae than those from the inshore zone, the relationship being determined by 
Schmidt (1916) who, when studying local races of the Atlantic cod (Gadus callarias L.), 
examined 20 OOO individuals from 114 stations. The author mentioned found the mean 
number of vertebrae to decrease from North to South and from West to East. 

The North-South decreasing tendency in the bream vertebrae count was described by 
Soloveva (1954). If the water temperature changes no more than from 3 to 6°C resulting 
in changes in the vertebrae count (ea 1-5), this difference, according to Taning (1944) is 
sufficient to recognise a fish race. Experimental studies showed the differences to exceed 
a mean parental vertebrae count by 3-2 (Taning, 1950). 

In the bream populations studied, the number of lateral line scales varied from 48 do 
59, the range being closest to that found for bream inhabiting the Caspian and Aral Seas 
basin ( 49-57). 

Numbers of those scales change in bream similarly to changes in the vertebrae counts. 
On the other hand, the formation of scales is ontogenetically delayed compared to the 
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vertebrae. A number of authors (Reineke, 1898; Soloveva, 1954; Petit, 1930; Vladykov, 
1931) found the fishes from southern regions to develop a lower number of the lateral 
line scales than the individuals from northern areas. 

The literature (�sowska, 1968; Rolik, 1967; Sutov, 1967) reports findings of bream 
with pharyngeal teeth arranged in two rows. These findings may concern natural 
inter-specific or intergeneric hybrids. The bream populations in Poland were also found to 
include individuals with two rows of pharyngeal teeth (Chmiel, 1976); those populations 
were, however, lacustrine. Perphaps the species composition of lacustrine ichthyofaunas 
as well as spawning conditions act in favour of crossing. 

Values of meristic characters under study versus literature 
data for three bream subspecies 

The three bream subspecies differ in their distribution as well as in their numbers of 
vertebrae, gill processes, lateral line scales, and anal fin rays. 

Table 13 summarises values of the meristic characters for the three bream subspecies 
and the Vistula bream studied. 

According to Berg ( 1949 ), Abramis brama L. occurs in the part of Europe bordered by 
the Pyrenees and Alps; the range covers the basins of the North, Baltic, Black, Caspian, 
and White Seas. 

Abramis brama orientalis Berg occurs - according to Berg (1949) - within the Caspian 
and Aral Seas basins, while A. brama danubii Pavlov is reported by Pavlov (1956) as 
occurring in the Danube. 

The bream inhabiting the Vistula waters occurs within the geographic range of 
A. brama brama L. and it ascribed to the western race. Its meristic characters (numbers of
anal fin soft rays and gill processes on the first gill arch), and particularly the ranges of
their values in the Vistula populations studied, as well as the literature data do not make
it possible to determine the exact ranges of the values for the three bream forms, nor do
they allow to assign the populations studied to one of the races, namely the western one.
The arithmetic means of such meristic characters as numbers of the lateral line scales and
vertebrae are closer to mean values found for A. brama orientalis Berg, an Aral-Caspian
form. With respect to their arithmetic means of gill processes, the populations studied
come close to the third race, the South-european bream A. brama danubii Pavlov. Thus it
is difficult to assess the exact status of the Vistula bream populations with regard to the
three bream subspecies, owing to the vague distinction between the latter with their
ranges of meristic characters frequently overlapping.

CONCLUSIONS 

1. The bream populations studied may be described by the following ranges of their
meristic characters: D III 8-10; A III 21-30; V II 6-9; P II 12-17; Sp.br. 16-26;
vt 41-46; 11 48-59, os.ph. 5-5.



Values of meristic characters in threee bream subspecies and in Vistula populations studied 

Meristic 

character Abrarnis brama L. 

Range 

D 9-10

A 24-30

LL 51-60

sp. br. 19-24

vt 45-46

D number of dorsal fin soft rays 

A number of anal fin soft rays 

l.l number of lateral line scales 

Mean 

9 

27.4

55.2 

22.5

46.0 

sp. br. number of filtration processes on gill arch 

vt number of vertebrae 

Subspecies of bream 

Abramis brama orientalis Berg Abramis brama danubii 

Pavlov 

Range Mean Range Mean 

9-10 9.0 9-10 9 

23-28 25.7 25-28 25.8 

49-57 52.6 50-56 52.7 

22-30 25.6 18-26 22.5 

43-44 43.4 38-43 40.5 

Table 13 

Vistula populations 

Range Mean 

8-10 9.0 

21-30 25.6 

48-59 53.7 

16-26 21.5 

41-46 43.0 
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2. The bream populations studied were found to possess highly variable meristic

characters. Due to frequent overlaps between the ranges of characters, the populations

studied cannot be assigned to any one of the three bream subspecies.

3. The between-generations and - populations differences allow no clear trends

associated with various generations within a population and various populations

affected by different environmental conditions to be discerned.

4. It was found impossible to separate a single population differing from the others in

several characters studied.
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Magdalena Tadajewska 

ZMIENNOSC CECH MERYSTYCZNYCH LESZCZA 
(ABRAMIS BRAMA LINNAEUS, 1758) 

WYSTF;PUJ ;\.CEGO WZDLUZ BIBGU RZEKI WISL Y 

Streszczenie 

Okreslono 8 cech merystycznych z 9 populacji leszcza zebranych wzdluz dopl'yw6w i samego 
biegu rzeki Wisly. Dia okreslenia zmiennosci cech merystycznych posluzono si¥ analiz,t wariantji. 
Analizowano zebrany material l,tcznie dla badanych populacji, oraz osobno poszczeg6lne pokolenia 
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kazdej populacji. Mi�dzy pokoleniami jednej populacji najw,sciej zmienna jest liczba promieni 
mi1,1kkich w pletwie piersiowej i liczba wyrostk6w filtracyjnych. Natomiast istotne r6znice mi�dzy 
populacjami wysti.puj� w liczbie promieni rnhiikkich w pletwie odbytowej i piersiowej oraz w liczbie 
wyrostk6w filtracyjnych. Badane populacje leszcza z rzeki Wisly maj� nasti.puj�ce wartilsci cech 
merystycznych: D.IU.8-10; A.Ul.21-30; VII 6-9; P.Il 12-17; sp.br. 16-26; vt. 41-46; 11 48-59; 
os.ph. 5-5. 

HBMERYJfBOCTI:, MEPHCTIB!ECKliX IIPHBHA&>B JIEII!A (ABRAMIS BRAMA 

LINNAEUS, 1758) ID PEKH BHC.ITA 

Or:rpe�eJIHJ!l! 8 Mepl!CTHqecKHX npl!3H!lliOB y 9 nonyJIH�lltt Jie�a,coopaHHh!X B r:tpl!­

TOK0.X a TaIOKe BAOJ!b TeqeHHH peKH Bl!CJ[a.�JIH or:rpe�eJieHHH ll3MeH'!HBOCTH Mepl!­

, CTHqec:irnx npl!3HaKO:!l HCTIOJ!b30BaJm aHaJIH3 BapHaH�Hll,CoopaHHblll MaTepHaJI aHaJil!-

3HpOBaJIH B o6�eM AJ!.li! HCCJ!6AOBaHHhlX nonyJI.li!�HM a Ta!Olte paa�eJ!bHO OTA6J!bHble 

TIOKOJ!€HH.li! KaJKAO� nmnyJIH�Hl!, Mellt,!ty POKOJ!eHHHMH OAHO� nonyJIH�l!H Hall6oJiee qa-

:R()J!HtJl6C TBO 

HaOJI!OAa-

!OTC.Ii! B KOJ!l!qecTBe MJirKHX Jiy'!ett anam,HOI'O I!! rpy,D;HOI'O :irnaBHHKOB a TaKJKe B 

KOJIHqecTBe !pliJ!bTJ:,aIJ;HOHHl,IX T.b!tIHHOK, KccJie,IJ;OBaHHbre nonyJIJrn;IUl Jiel!la 113 peK H 

BHcJia 1u,e10T cJie,Il,yIO�He 3HaqeHH.I! MepHCTH'leCKHX qepT: D III 8-10; A III 21-.30; 

VII 6-9; P II 12-17; sp.br. 16-26; vt 41-46; II 48-59; os. ph. 5-5. 
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