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VARIABILITY OF MERISTIC CHARACTERS IN BREAM (4BRAMIS BRAMA
LINNAEUS, 1758) OCCURRING IN VISTULA RIVER
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Nine populations of bream from the Vistula River, its
tributaries, Vistula Lagoon, and certain dam 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 meristic 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 (4. 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
Goczatkowice Reservoir is located 45 km from the Vistula origin, while the Czchéw
Reservoir is a compensatory basin for the Roznéw Lake situated on the Dunajec River, a
right-side Vistula tributary. The reservoir on the Vistula off Wtoctawek, 674 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.

Fight 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. 1. Place of collected material for investigations



Description of materials examined

Table 1

Geographic location
Number Body length Mean
Collection site Symbol longitude | latitude Date ' (')f. Lc) <
East North individ. range
Vistula Lagoon,
off Frombork 1 19°42 54°18’ 19 Dec. 1974 76 22.4-31.3 26.41
Vistula off Tezew 2 18°45’ 54°06' 28 Feb. 1973 106 22.5-30.7 25.40
Vistula off Bydgoszcz 3 18°00’ 53°10 1 Feb. 1972 123 15.9-28.2 21.60
Vistula off Toruh 4 18°35’ 53°05’ 4 Jan. 1974 126 18.1-29.2 23.87
Vistula off Wtoctawek 5 19°05 52°4¢’ 22 Feb. 1973 75 24.7-33.4 27.57
Vistula off Modlin 6 20°42’ 52°25' 16 March 1973 162 20.1-31.4 25.07
Vistula off Putawy 7 21°57' 51925 8 March 1973 89 22.8-29.4 26.56
Dunajec, Czchéw Reservoir 8 20°55' 49°50’ 9 Nov. 1973 94 30.2-35.5 33.21
Vistula, Goczatkowice 9 18°50' 49°s5’ 20 April 1974 198 16.7-28.2 21.93
Reservoir
Total 1049
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Table

Monthly (May — V, June — VI) and annuai | 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 S 6 7
1963 \'% 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 10.1 10.1 9.9 10.7
1964 A" 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 \'% 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 \'% 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 \' 15.3 13.6 15.5 15.5 15.8 14.9
VI 18.2 17.8 18.3 18.2 18.4 17.7
X 10.6 10.6 10.5 10.6 10.4 10.6
1968 \" 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 A 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
X 9.3 9.4 9.5 9.7 9.4 9.7
1970 A\ 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 \" 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
X 9.7 9.7 10.0 10.4 9.6 10.2
1972 \'% 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
X 9.6 9.7 10.1 10.4 9.6 9.7
1973 \'% 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
X 9.9 9.7 10.1 10.3 9.8 9.0
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For the sake of clarity, each character was deroted 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 ANOVA was run at
a = 0.01; if a calculated value of F exceeded the tabulated value of Fo o1 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 LDP (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 km?. 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 Goczatkowice
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-salmonid rearing, animal husbandry and recreation purposes.
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When at full swell, the Goczatkowice Reservoir covers the area of 3200 ha (ca 2500 ha
at a mean swell); the maximum depth at the dam is ca 15 m. The Reservoir has been
stocked with pikeperch, bream, and pike (Wajdowicz, 1958). -

The total area of the Czchéw 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 34 and 12.5 m,
respectively. The Reservoir has not been stocked with bream; the species has immigrated
into it from the RoZznéw Reservoir.

The dam reservoir off Wtoctawek covers 70.4 km?; 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 Wtoctawek is the most
polluted.

Temperature effects on the duration of hatching and formation of vertebrae, fin rays,
and lateral line 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 Vistuia Lagoon,
Czchéw and Goczatkowice 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 Wtoctawek.

Mean annual temperatures for various parts of the Vistula differ from yezar 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.



Variability of meristic characters in Vistula bream populations studied

Table 3

Bream population studied
Meristic
character 1 2 3 4
n=76 n =106 n=123 n =126
Range x g Range X g Range x g Range X g

D 8-10 8.94* 0.32 8-10 8.99 0.25 8-10 9.13%%1 046 8-10 8.97 0.23
A 22-28 | 25.25 1.25 21-29 | 25.26 1.43 22-29 | 25.72 1.23 21-28 | 25.07* 1.42
v 7-8 7.90 0.29 7-8 7.97 0.29 7-9 7.89 0.40 6-9 7.95 0.35
P 12-16 | 13.88 0.80 12-16 | 13.83 1.10 12-15 | 13.56*% 0.72 12-16 | 13.63 0.93
sp. br. 20—-26 | 23.05*% 1.31 16-25 21.13 1.74 17-25 | 20.54 1.88 17-25 | 21.37 3.10
vt. 41-44 | 43.13 0.57 41-45 | 43.63*% 0.85 | 42-45 | 43.05 0.44 41-46 | 43.44 2.26
1. 53-57 | 54.90*%% 1.14 50-59 | 54.04 1.85 50-57 | 53.33 245 48-58 | 53.37 2.43

arithmetic mean

»
[}

standard deviation

*

lowest mean

¥% = hjghest mean
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cd. table 3
5 6 7 8 9
n=75 n =162 n=2389 n =94 n =198
Range X g Range X g Range X g Range X g Range x g
8-10 9.01 0.25 8-10 9.01 0.26 8-10 9.02 0.30 8-10 8.97 0.29 8-10 9.04 0.25
23-28 | 25.08 1.09 21-29 | 25.28 1.62 21-27 | 25.35 1.35 22-29 | 26.42*% 1.56 22-30 " 26.26 1.42
7-9 7.96 0.30 6-9 7.95 0.31 6-9 8.00 0.42 7-9 8.02*% 0.20 6-9 7.95 0.28
12-16 | 13.74 093 12-17 | 1397 1.00 12-17 | 13.96 1.01 12-17 | 14.60*% 1.03 12-16 | 13.72 0.83
18-25 | 22.37 3.73 16-26 | 21.70 3.34 17-24 | 22.23 3.60 17-24 | 21.38 3.96 16-25 | 19.88* 2.60
41-44 | 42.89 1.74 41-45 | 43.01 1.23 42-45 | 43.03 2.02 42-44 | 43.05 -1.75 42-46 | 42.65% 1.77
51-57 | 54.06 2.41 51-59 | 53.84 4.59 51—5% 53.78 2.26 51-59 | 53.52 2.38 48-58 | 52.95* 1.90
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
sp. br number of filtration processes on gill arch
I number of lateral line scales
vt number of vertebrae
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Between-generations differences as calculated with Snedecor‘s F test for bream populations studied

Table 4

Meristic character

Bream population

5 6 7

sp.br.

vt.

LL

difference significant at & = 0.05
difference significant st & = 0.01

D number of dorsal fin soft rays

A 3 of anal EERN 1] 23

A\ ,, ofventral,, ,

P ,, of pectoral ,, ,,

sp.br. number of filtration processes
on gill arch

L1 number of lateral line scales
vt ,,  of vertebrae
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Table 5
Analysis of significance of differences between mean numbers of dorsal fin soft rays in bream populations studied (1—-9)
Population 1 2 3 4 5 6 7 8 9
, X, =%,
1 X +0.05 +0.19* +0.03 +0.07 +0.07 +0.08 +0.03 +0.10
2 —0.05 X +0.14 —0.02 +0.02 +0.02 +0.03 —0.02 +0.05
3 -0.19 —0.14 X —0.16 -0.12 —0.12 -0.11 —0.16 —0.09
4 —0.03 +0.02 +0.16 X +0.04 +0.04 +0.05 0.00 +0.07
5 -0.07 —0.02 +0.12 —0.04 X 0.00 +0.01 —0.04 +0.03
6 —0.07 —-0.02 +0.12 —0.04 0.00 X +0.01 —0.04 +0.03
7 —0.08 —0.03 +0.11 —-0.05 -0.01 —0.01 X —0.05 +0.02
8 —-0.03 +0.02 +0.16 0.00 +0.04 +0.04 +0.05 X +0.07
9 —0.10\ —0.05 +0.09 —0.07 -0.03 —0.03 —-0.02 -0.07 X
_-iZ = difference between mean numbers of rays in populatioﬁs 1and 2
¥ o= difference significant if Is—)?l > LDP

LDP (Least Difference Proven) = 0.18

0€
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Fin soft rays number variability

The 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 comparison in terms of the dorsal fin soft
rays number revealed significant differences to occur in two populations: the Vistula
Lagoon and off Toruri, 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 Toruri) 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 Toruri) to
26.42 (the Czchéw Reservoir).

The populations studied showed no significant between-generations differences in their
anal fin soft rays numbers (Table 4). Two up-stream populdtions (from the Czchéw and
Goczatkowice 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 Czchdéw
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), the mean ranging from 13.56 (off Bydgoszcz) to 14.60 (the Czchéw
Reservoir). Significant between-generations differences were found in the Vistula bream
populations occurring off Tczew, Bydgoszcz, Toruri, and Putawy. 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
Czchéw 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 Goczatkowice Reservoir) to 23.05 (the
Vistula Lagoon).



Table 6
Analysis of significance of differences between means number of anal fin soft rays in bream populations studied (1-9)
Population 1 2 3 4 5 6 7 8 9
X1—X )

1 X +0.01 +0.47 —0.18 -0.17 +0.03 +0.10 +1.17* +1.01*
2 —0.01 X +0.47 -0.17 —0.18 +0.02 +0.09 +1.16* +1.00*
3 —0.47 —0.46 X —0.65 —0.64 —0.44 —0.37 +0.70 +0.54
4 +0.18 +0.19 +0.65 be +0.01 +0.21 +0.28 +1.35% +1.19
5 +0.17 +0.18 +0.64 —0.01 X +0.20 +0.27 +1.34% +1.18%
6 ;0.03 —0.02 +0.44 -0.21 —-0.20 b'e +0.07 +1.14* +0.98*
7 —0.10 —-0.09 +0.37 —0.28 —0.27 —0.07 X +1.07 +0.91*
8 -1.17 -1.16 -0.70 -1.35 -1.34 -1.14 -1.07 X —0.16
9 -1.01 -1.00 —0.54 -1.19 -1.18 —-0.98 -0.91 +0.16 X

*
(8]
no

difference between mean numbers of rays in populations'l and 2
difference significant if X, —X > LDP

LDP (Least Difference Proven) = 0.84

[£3
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Analysis of significance of differences between mean numbers of ventral fin soft rays in bream populations studied (1-9)

Table 7

Populations 1 2 3 4 5 6 7 8 9
XX,

1 X +0.07 —-0.01 +0.05 +0.06 +0.05 +0.10 +0.12 +0.05
2 -.0.07 X —-0.08 —-0.02 —-0.01 —-0.02 +0.03 +0.05 —0.02
3 +0.01 +0.08 X +0.06 +0.07 +0.06 +0.11 +0.13 +0.06
4 -0.05 +0.02 —0.06 be +0.01 0.00 +0.05 +0.07 0.00
5 —0.06 +0.01 —-0.07 —-0.01 X —0.01 +0.04 +0.06 —-0.01
6 —-0.05 +0.02 —0.06 0.00 +0.01 x +0.05 +0.07 0.00
7 —-0.10 —0.03 —-0.11 —-0.05 —0.04 —-0.05 X +0.02 —0.05
8 —0.12 —0.05 -0.13 —-0.07 —0.06 —-0.07 —0.02 X +0.07
9 —-0.05 +0.02 —0.06 0.00 +0.01 0.00 +0.05 —-0.07 X

Xy

—X2

LDP

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

{Least Difference Proven) = 0.19
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Table 8
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 5 6 7 8 9
x—l —x_2
1 X -0.05 -0.32 -0.25 —0.14 +0.09 +0.08 +0.72% -0.16
2 +0.05 X -0.27 -0.20 —0.09 +0.14 +0.13 +0.77* -0.11
3 +0.32 +0.27 X +0.07 +0.18 +0.41 +0.40 +1.04* +0.16
4 +0.25 +0.20 —-0.07 X +0.11 +0.34 +0.33 +0.97* +0.09
5 +0.14 +0.09 -0.18 -0.11 X +0,23 +0.22 +0.86*% —-0.02
6 —0.09 —0.14 -0.41 -0.34 -0.23 X -0.01 +0.63* -0.25
7 —0.08 -0.13 —0.40 —-0.33 -0.22 +0.01 X +0.64* —-0.24
8 —-0.72 -0.77 -1.04 -0.97 —0.96 —0.63 —0.64 X -0.98
9 +0.16 +0.11 —0.16 -0.09 +0.02 +0.25 +0.24 +0.98* X

xl—x2

A

* = difference significant if {B—x_l > LDP

LDP = (Least Difference Proven) = 0.56

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

123
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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 Goczatkowice 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 Goczatkowice Reservoir, and also for the latter vs. those from off
Wtoctawek, Modlin, and Putawy (Table 9).

The Vistulasections off Wtoctawek and Putawy 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 Goczatkowice 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 Goczatkowice 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,
1944). The between-populations comparisons revealed significant differences to occur
between the populations from off Tczew and Goczatkowice 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
Goczatkowice Reservoir one with a mean of 52.95 (Table 3).



Table 9
Analysis of significance of differences between mean numbers of gill processes in bream populations studied (1-9)
Populations 1 2 3 4 5 6 7 8 9
X1—X,
1 X -1.92 -2.51 —1.68 —0.68 —135 —0.82 —1.67 -3.17
2 +1.92* X —0.59 +0.24 +1.24 +0.57 +1.10 +0.25 -1.25
3 +2.51* +0.59 X +0.83 +1.83 +1.16 +1.69 +0.84 —0.66
4 +1.68 —0.24 —-0.83 X +1.00 +0.33 +0.86 +0.01 -1.49
5 +0.68 -1.24 —1.83 —-1.00 X -0.67 -0.14 —-0.99 -2.49
6 +1.35 -0.57 -1.16 -0.33 +0.67 X +0.53 —-0.32 —1.82
7 +0.82 -1.10 -1.69 —0.86 +0.14 -0.53 X -0.85 -2.35
8 +1.67 —0.25 —0.84 —-0.01 +0.99 +0.32 +0.85 X -150
9 +3.17* +1.25 +0.66 +1.49 +2.49* +1.82* +2.35% +1.50 X

X

17 %7
* =

LDP (Least Difference Proven) = 1.75

differences significant if x, — » > LDP

difference between mean numbers of processes in populations 1 and 2
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Analysis of significance of differences between mean numbers of vertebrae in bream populations studied (1-9)

Table 10

Population 1 2 3 4 5 6 7 8 9
;1 —fz
1 X +0.50 -0.08 +0.31 -0.24 —0.12 -0.10 —0.08 —0.48
2 —0.50 X —0.58 -0.19 —0.74 —0.62 —0.60 -0.58 -0.98
3 +0.08 +0.58 X +0.39 —0.16 —0.04 —0.02 0.00 —0.40
4 -0.31 +0.19 —0.39 X —0.55 —0.49 —0.41 —0.39 -0.79
5 +0.24 +0.74 +0.16 +0.55 X +0.12 +0.14 +0.16 —0.24
6 +0.12 +0.62 +0.04 +0.43 -0.12 X +0.02 +0.04 —0.36
7 +0.10 +0.60 +0.02 +0.41 —0.14 —0.02 X +0.02 —0.38
8 +0.08 +0.58 0.00 +0.39 —0.16 —0.04 —0.02 X —0.70
9 +0.48 +0.98* +0.40 +0.79 +0.24 +0.36 +0.38 +0.70 X |

)2_2—)? = difference between mean vertebrae numbers in populations 2 and 1

* = difference significant if 7?2 -X 9 > LDP

LDP (Least Difference Proven) = 0.90
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® difference signiﬁcant if x_l —x_2 > LDP
LDP (Least Difference Proven) = 1.62

Table 11
Analysis of significance of differences between mean numbers of lateral line scales in bream populations studied (1—9)
Population 1 2 3 4 5 6 7 8 9
_Xl X, ,
1 X —0.86 -1.57 -1.53 —0.84 —1.06 -1.12 —1.38 -1.95
2 +0.86 X -0.71 —0.67 +0.02 —0.20 —0.26 —0.52 -1.09
3 +1.57 +0.71 b'e +0.04 +0.73 +0.51 +0.45 +0.19 —0.38
4 +1.53 +0.67 —0.04 X +0.69 +0.47 +0.41 +0.15 -0.42
5 +0.84 —0.02 -0.73 —0.69 X —0.22 —0.28 —0.54 -1.11
6 +1.06 +0.20 -0.51 —0.47 +0.22 b'e —0.06 -0.32 —0.89
7 +1.12 +0.26 —0.45 -0.41 +0.28 +0.06 b'e —0.26 +0.83
8 +1.38 +0.52 -0.19 —0.15 +0.54 -0.32 +0.26 X —0.57
9 +1.95% +1.09 +0.38 +0.42 +1.11 +0.89 +0.83 +0.57 X
Yl —Yz = difference between mean lateral line scales numbers in populations 1 and 2
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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 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 varisbility.

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

Additionally, other pattems (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 differences 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 mean number of dorsal fin 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 (Gasowska,
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 (Gasowska, 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;
Gasowska, 1962, 1968; Jankovi&, 1966; Sapo$nikova, 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.

The' 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 northem, 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 species (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 20 000 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 (ca 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 (Heincke, 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 (Gasowska, 1968; Rolik, 1967, Sutov, 1967) reports findings of bream
with pharyngeal teeth arranged in two rows. These findings may concermn 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 Il 21-30; V II 6-9;P 11 12—17; Sp.br. 16—26;
vt 41—46; 11 48—59, os.ph. 5-5.



Table 13
Values of meristic characters in threee bream subspecies and in Vistula populations studied
Subspecies of bream Vistula populations
Meristic
character Abramis brama L. Abramis brama orientalis Berg Abramis brama danubii
Pavlov
Range Mean Range Mean Range Mean Range Mean
D 9-10 9 9-10 9.0. 9-10 9 8-10 9.0
A 24-30 27.4 23-28 25.7 25-28 25.8 21-30 25.6
LL 51-60 55.2 49-57 52.6 50-56 52.7 48-59 53.7
sp. br. 19-24 22.5 22-30 25.6 18-26 22.5 16-26 21.5
vt 45-46 46.0 43—44 434 38-43 . 40.5 41-46" 43.0
D number of dorsal fin soft rays

A number of anal fin soft rays
LL number of lateral line scales

sp. br. number of filtration processes on gill arch

vt number of vertebrae
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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. Tt 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)
WYSTEPUJACEGO WZD:UZ BIEGU RZEKI WISLY

Streszczenie

Okreslono 8 cech merystycznych z 9 populacji leszcza zebranych wzdtuz doptywéw i samego
biegu rzeki Wisty. Dla okreSlenia zmiennos$ci cech merystycznych postuzono si¢ analiza wariancji.
Analizowano zebrany materiat facznie dla badanych populacji, oraz osobno poszczegélne pokolenia
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kazdej populacji. Miedzy pokoleniami jednej populacji najczesciej zmienna jest liczba promieni
miekkich w ptetwie piersiowej i liczba wyrostkéw filtracyjnych. Natomiast istotne réZnice mi¢dzy
populacjami wystepuja w liczbie promieni migkkich w ptetwie odbytowej i piersiowej oraz w liczbie
wyrostkéw filtracyjnych. Badane populacje leszcza z 1zeki Wisty maja nastepujace wartosci cech
merystycznych: D.II1.8—10; A.II1.21-30; VII 6—9; P.II 12—17; sp.br. 16—26; vt. 41—46; 11 48—59;
os.ph. §-5.

M. Tazaescka

VBMEHYUBOCTb MEPHCTUYECKUX [IPHRHAKOB JEMA (ABRAMIS BRAMA
LINNAEUS, 1758) U¥3 PEKM BHCIA

Pe3swoue

Oupexenunk 8 MepHCTHYECKHX NPHU3HAaKOB y 9 momynanuit sema,co6pPaHHHX B NpPH-
TOK8X a Takke BIOJNh TeYeHHA DeKH Bucna,lna ompejeseHHA U3MEHUYHBOCTH MEPH-
' CTHUYECKHX NMPU3HAKOB HCHOOJbL3O0BAJHY aHAIN3 BapHaHUWUU,CO6PaHHHIE MaTepHaN aHalu-
3UpoBaNu B o6meM AJd HMCCIELOBAHHHX MONyXAuu# a TaxEke pasZeNbHO OTHEJbHHE
MOKOJEeHHUA KaxIoi NonyJaAuuu. MexAy INOKOJEHHMAMH ONHOH monynasauuu HaiboJsee ya-
CTO H3MEEAETCH KOJHUECTBO MArKHX Jyuell B PpyAHOM NAa3HMUKE K KOJHUECTBO
PUABTPAUHOHHHX THYHHOK, CymecTBeHHHE PasNuYud MeXLy NOonyJIAlHaMH HabJaoga-
OTCA B KOJHUECTBE MATKHX ZAyue#l aHajJbHOTO M TDYAHOrO IJNaBHHKOB a TakXe B
KOJHUYeCTBe (QUABTPANMOHHHX THUHHOK, MCclefoBaHHHE NONYJILNHM Jema H3 peku
Buciaa wMenT cleiybmue 3HaueHHA MepucTHueckuxX uepr:D IIT 8-10; A IIT 21-30;
V II 6=9; P II 12-17; sp.br. 16-26; vt 41-46; II 48-59; os. ph. 5-5.
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