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Piekielnica (Alburnus bipunctatus Blo ch)
z dorzeczy gornego Sanu i Dunajca

The cyprinid Alburnus bipunctatus Bloch
from the basins of the rivers Upper San and Dunajec

Mémoire présenté le 10 mai 1971 dans la séance de la Commission Biologique
de I’Académie Polonaise des Sciences, Cracovie

Abstract — The following data were studied: length of body, weight of body.
growth, age, shape of body, colouring of body, variability of 25 monphological features
of the trunk, 5 features of the head, and variability of meristic features of 424 speci-
mens of the cyprinid Alburnus bipunctatus Bloch caught in the upper part of the
River San and in the River Dunajec and their confluents. Analysis of the contents of
the alimentary canal of this fish was also made. The linear growth of cyprinid was
similar in the two investigated basins. As was the case with other fish, decrease and
equalization of the relative variability of morphological features was observed. In
comparison with the results of works of other authors, no great differences were
found. This holds true for the means, the vaniability of the investigated morphological
features, and the meristic features of the species discussed, which would show that
this is the nominal form Alburnus bipunctatus Bloch,

The cyprinid Alburnus bipunctatus Bloch, occurs in fairly large
numbers in our rivers, but in spite of this fact it is a little known fish.
The Polish literature on the morphology and biology of this cyprinid is
very scarce or incidental, based on material which is not clearly defined
geographically, or it even is based on the works of authors from
neighbouring countries, especially on those of B e r g (1949). A few sentences
on the structure of the pharyngeal teeth arches and the shape and the
system of teeth were found in the paper of Horoszewicz (1960). They
were written on the basis of a special examination of 6 specimens of this
fish (length 3.3—7.2 e¢m) caught in the Vistula.

The following foreign authors whose papers discuss the morphology or
biology of Alburnus bipunctatus Bloch on the basis of the geographically
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clearly defined material should be mentioned: Balon (1952, 1962), B a-
narescu (1957), Berg (1949), Kossatkin (1958), Maksunov
(1966), Spillmamnn (1961), Tusnadi (1963), and Zukov (1960, 1965).

Materials and method

The material collected for the purposes of the present paper comes from
the rivers whose sources are in the Carpathian Mountains (the San and
Dunajec) and their confluents. For the study of Alburnus bipunctatus from
those two large geographical regions 504 specimens of this fish were caught
of which 424 specimens were preserved in alcohol or formalin and used for
detailed examination (Table I).

The Alburnus bipunctatus caught had the body a little less extended
and more spiny than the bleak, and their sides were compressed. The body
height of the investigated species was 3.3 to 4.3 times less than the body
length (without the tail-fin), this being 3.8 on the average, which is to some
extent in agreement with the data given by G as o ws ka (1962), who states
that the maximum height of the body of this cyprinid is 3 to 4 times less
than the body length. Zuk ow (1965) states that the maximum height of
the body of Alburnus bipunctatus occurring in White Russia is 3.7 to 4.9
times less than the body length, this being 4.2 times on the average.

The mouth was obtuse and truncate and the mouth aperture was final.
The mouth intersection was slightly shifted. The jaws were equal, which
is a distinct feature differentiating it from the bleak.

The dorsal fin was shifted more to the front than in the bleak, and the
anal fin begins at the end of it, being much higher in front.

The colour of the body of the Alburnus bipunctatus described in the
present paper was not always identical. The back of most of the specimens
was blue-green or olive-green or even grey. In the basin of the River Du-
najec some specimens with a brown colour of the back were encountered,
but this was mot observed in the San basin. The sides of the body were
shining and silvery. Two rows of dark pigment spots run over and under
the lateral line and frame it along its whole length with a double line. Over
the lateral line and along the body runs a distinet violet strip with a golden
lustre. The lateral line and the two rows of pigmented spots which encircle
it was curved in most of the investigated specimens and in many cases
even disconected. Over the lateral line of some specimens a few rows of
dark spots were found, which were a little bigger than those running along
the lateral line. The dorsal and caudal fins were grey and the pectoral,
ventral, and anal fins were bright, and at the base yellow or orange. During
the spawning period the colour of the body of Alburnus bipunctatus (males)
is especially intensive and the pectoral, ventral and anal fins become orange
of even bright red at the base.
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Tabela I. Miejsca poiowu piekielnicy (stanowiska) na rzekach dwéch dorzeczy Sanu 1 Dunajca

Table I. Cyprinid fishing points on the rivers of the San and Dunajec Basins
® Liczba Liczba % piekiolnicy Li;:ba r{b X
§ g ooma togacowos i e R D e T e
# 2| River Locality Number of Number of Percentage of Number of ]
85 cyprinids fish caught | cyprinids among | examined fish™
caught fish from the
given points
Wolosaty Stuposiany 16 191 8,4 16
8m T Dwerniczek 16 97 16,5 1%
Ban I Rajskie 24 196 12,2 24
San I Zabrodzie 28 87 32,2 28
Solinka | Dozzyca 9 238 3,8 9
Solinka Wolkowyja 18 a8 20,4 18
8olinka Solina 9 214 4,2 9
Wetlina Kalinica 5 72 6,9 5
d Sen II Iqczki % 69 20,3 W
@ | Sen IT Wola Postolowa 8 80 10,0 8
o |San II Zazus 36 96 37.5 35
San II Dolina 11 63 17,5 1
Ostawa Tarnawa Dolna 31 131 22,0 31
San III Migdzybrodzie 14 138 10,1 %
Ssn IIX Dobra Szlachecka % 167 8,4 W
San III Niewiastka ? 87 8,1 ?
San III Dynéw 7 46 15,2 7
Hoczewka Hoo zew 49 235 20,9 40
Razem - Total 316 2305 13,7 304
Czexny Dunajec | Nowy Targ g 98 1,0
Rogofnik Indémierz 1 138 0,7
Dunajec I Lopuszna 1 107 0,9 1
Dunajec I Debno 4 70 5,7 2
Dunajec I Nidzica 4 83 4,8 >
Dunajesc I Szczawnica Dolna 2 75 2,7 2
Dunajec I Kroficlenko 2 97 2,1 2
Dunajec I Tylmeanowa 8 124 6,5 5
Dunajeo I Zabrzes 7 99 7.1 2
Dunajoc I Jazowgko Dolne 3 138 2,2 1
Dunajec I Keodcza 8 132 6,1 3
Dunajec I Podegrodzie 5 90 5,6 2
o ] Grajcarek Szczavmica NiZna 2 444 0,5 -
o | Poprad Muszyna Folwark 3 99 3,0 3
+ | Poprad Zegiestow 1 121 0,8 1
% | Poprad Piwmiczna 3 113 2,7 3
5 | Popraa Rytro 5 139 3,6 5
a Poprad Btary Sgcz 6 125 4,8 6
Biata T. Biala Niina 2 115 1,7 2
Biaza T. Cigzkowice 4 57 7,0 2
Biaia T. Gromuik 74 261 28,4 47
Biaza T. Tuchédw 19 131 14,5 10
Biaia T. Tarnéw 11 196 5,6 6
Dunajec II Czchéw 7 125 5,6 7
Dunajec II Zawada Lenckoronska | 60 1,? 1
Dunajec II Zglobice 4 233 1,7 4
Razem - Total 188 3467 5,4 120

The fishing was carried out exclusively by means of an electric
aggregate with a direct current of 4.5 A and 220 V. During the operation
the current intensity as well as voltage were changed according to the
conductivity of water (e.g. depth, pollution, efc.). At the points where the
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water was shallow the aggregate stood on the bank and the fishing team
moved on foot in the bed of river against the stream. At the points where
the water was deep the fishing was carried out with the help of a boat,
which held the aggregate and the fishing team.

The River San: fishing was carried out on the San and its basin from
the locality of Bébrki to Dynoéw from 24 August to 29 August 1959 and
in the upper basin of the San from 22 August to 25 August 1960.

The River Dunajec: fishing was carried out on the upper Dunajec and
its confluents up to Nowy Sacz from 3 September to 13 September 1963.
The middle and lower Dunajec from Czchéw to its mouth to the Vistula
in the neighbourhood of the locality Ujscie Jezuickie and its confluents
flowing to the Dunajec below Czchow was fished from 20 May to 27 May
1964.

More accurate data concerning the materials found and preserved for
further studies are given in Table I

For the characteristics of plastic and meristic features only well-
-preserved specimens without any deformations were used.

The specimens were measured with accuracy to one milimetre by
means of a slide caliber according to the scheme for the family Cyprinidae
accepted in the author’s previous work (Sk 6ra 1969).

The gill rakers on the first branchial arches, the vertebrae in the spinal
column, and the number of rays in the fins were counted with the aid
of a magnifying glass. The pharyngeal teeth were macerated after
skeletonizing with 4% sodium-lye, the remains of the tissues being removed
with the aid of a needle and a magnifying glass in order not to miss the
growing new teeth or the old ones, undergoing absorption.

In order to establish sex affiliation, each time the abdominal cavity
was opened and this being followed by microscopic and macroscopic
observation.

The age of fish was assumed on the basis of the annual increments on
the scales and the growth and annual increase were measured on the basis
of the direct measurements of the investigated fish (Table II).

Habitat of Alburnus bipunctatus Bloch

The characterization of the biotope of this cyprynid given by various
authors is not always identical. Ggsowska (1962) states that Alburnus
bipunctatus inhabits all Polish rivers along their whole length. Strojn o-
wski (1860) and Walecki (1864), similarly to Schindler (1956),
have the opinion that it inhabits swift running waters. Nowicki (1889)
and Zuk ov (1960, 1965) are of similar opinion, but they state that this fish
also inhabit quiet, deep parts of the rivers (e.g. under mill-dams). Nik o1-
ski (1950) asserts that this fish inhabits stagnant waters and slowly run-
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Ryec. 1. Szkic dorzecza Sanu z naniesionymi stanowiskami polowu ryb, 1 — piekielnice
wysigpily licznie, 2 — piekielnice wystgpily nielicznie, 3 — piekielnic nie stwierdzono
Fig. 1. Sketch of the basin of the River San with marked fishing points. 1 — Alburnus

bipunctatus Bloch occurred in large numbers,

2

— A. bipunctatus occurred singly,

3 — no A. bipunctatus were found
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Ryc. 2. Szkic dorzecza Dunajca z naniesionymi stanowiskami polowu ryb. 1 — pie-
kielnice wystapily licznie, 2 — piekielnice wystapily nielicznie, 3 — piekielnic mie
stwierdzono
Fig. 2. Sketch of the basin of the River Dunajec with marked fishing points.
1 — Alburnus bipunctatus Bloch occurred in large numbers, 2 — A. bipunctatus -
occurred singly, 3 — no A. bipunctatus were found
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ning rivers. Sta f f (1950) states that it lives in clear running waters, but
avoids rapid and cool streams and lives collectively. This last opinion is con-
firmed by the present investigaticns as regards the lack of Alburnus bi-
punctatus in cool mountain streams and its collective life.

The exact geological and pedological characterization and the chemical
characterization of water of the catchment area of the Dunajec can be found
in'Pasternak’s paper (1968). A list of the algae living at the bottom of
the river (excepting its Tatra part) is given by Chudybowa (1965) and
Dratmaland Szczesny (1965) write about the invertebrates found in
the Dunajec. According to Kolder (1965) 32 species of fish occurred in
the basin of the Dunajec (1ncludmg the roservon‘s) besides Alburnus bz—
punctatus. ;

In the San, Dunajec, and the larger confluents of these rivers Alburnus
bipunctatus occurred in its greatest numbers in the-lower regions of the
trout-Zzohe and upper regions of the barbel zone (figs. 1,-2).

In the San between the localities Dwerniczek and Zabrodzie (the trout
zone) Alburnus bipunctatus occupies the 2nd position (with:regard to quan-
tity) after the minnow (Phoxinus phoxinus L.) in the stock of fish and
down river from the locality Bébrka to Sanok this species occupies at the
particular fishing points positions from 1 to 4, being surpassed only by the
barbel; thé cyprinid Chondrostoma nasus, the bleak and the gudgeon. In
the lower parts of the San from Sanok to Dynéw at all the fishing points
Alburnus bipunctatus occupied 3rd or 4th position, surpassed mainly by
Chondrostoma nasus, bleak, chub, and gudgeon.

In the left confluent of the San, the River Wolosaty, at its mouth at
Stuposiany (the trout zone) Alburnus bipunctatus occupied the 5th position

cigzar 1 wspOlczynnik kondycji kFultona obliczony dla piekielnicy z dorzecza Sanu
i Dunajca

Table II Length, weight and Fulton coefficient estimated for cyprinids of the San and Dunajec Basins

Longitudo totalis | Longitudo corporis| Pondus in g
ety Iggz“ badanych in cm ) in cm .| gx 100
Number of Granice = Granice = Granice = 1’7
River X X X
examined fish Range Range Range

San I 56 8,0 - 13,7 | 10,2 6,6 11,0 8,4 4,9 - 21,0 9,1 0,85
San II 68 6,7 - 13,2 | 10,0 5,5 - 10,6 | 8,2 2,0 - 16,5 | 8,4 0,84
San IIL 42 7,0 - 13,5 | 9,7 5,7 - 1M,1| 8,0 2,5 - 19,6 | 7,9 0,87
Wolosaty 16 7,4 - 12,3 | 10,8 6,0 - 10,2 | 8,9 4,5 - 16,5 [ 11,9 0,93
Solinka 36 8,0 ~ 12,9 | 10,3 6,6 - 10,5 | 8,4 3,5 - 16,0 | 9,0 0,83
Wetlina 5 9,0 - 11,5 110,3 7.6 9,4 8,5 7,0 - 12,0 9,8 0,90
Hoczewka 40 6,6 - 14,0 | 10,1 57 1,5 8,3 2,7 - 16,5 8,5 0,82
Ostawa 31 7,8 - 13,9 [ 10,9 6,2 - 11,4 | 8,9 3,0 - 22,5|10,9 0,84
ROV o nasl 304 66-w,0[102 [53-1,5[ 84 [20-225]90[ o8s
Dunajec I @3 10,1 - 16,1 | 13,1 8,2 - 13,3 | 10,8 | 6,8 - 33,6 | 18,5 0,83
Dunajec IT 12 5.2 = 13,4 (10,3 | 4,3 -11,1| 85 |0,9 -17,7| 9,6 0,87
Poprad 18 8,7 - 15,3 12,0 | 2,1 - 12,6 9,8 |4,? - 29,7 | 4,3 0,83
Biala Tarnowska 67 5,7 = 13,4 |1 10,3 4,6 - 11,1 8,5 1,2 - 22,4 10,2 0,9
0
g o g 120 5,2 - 16,1 11,1 | 4,3 -13,3| 9,7 |0,9 -.33,6 12,4 | 0,9

12 ,,Hydrobiologica’’
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(quantitatively) after the barbel, minnow, stream trout, and miller’s-
-thumb, in the stock of fish of this river.

Also in the left-bank confluent of the San, in the River Solinka, (the
trout zone) fish were caught from 3 fishing points. At the upper fishing
point Alburnus bipunctatus occupied 6th position (quantitatively), at the
middle one 2nd, and at the lower one 5th, being surpassed by the stream-
-trout and accompanying species such as: minnow, barbel, loach, miller’s-
~-thumb, Cottus poecilopus, or gudgeon.

In the River Wetlina, the right confluent of the River Solinka (the left
confluent of the San) fish were caught at two fishing points (the trout
zone); at the upper one mnear the locality Wetlina where Alburnus
bipunctatus was not found at all, and at the lower one near the locality
Kalenica, where this fish occupied the 4th position.

At the two fishing points on the upper confluent of the San, the River
Hoczewka (the trout zone), no Alburnus bipunctatus were found but at
the lower fishing point near the village Hoczwa, 5 km above the mouth of
the Hoczewka to the San, this fish occurred fairly numerously, occupying
the 2nd position after the barbel.

In the next confluent of the upper San, the River Oslawia, 9 km above
its mouth to the San, near the village Tarnawa Dolna (the trout zone)
Alburnus bipunctatus occupied the 2nd position after the barbel in the
stock of this river.

In the Dunajec Alburnus bipunctatus occurred between the town of
Nowy Targ and the locality Zglobice, but did mot appear either above
Nowy Targ or below Zglobice up to mouth of the river to the Vistula. In
the section between Nowy Targ and Nowy Sacz (the lower trout zone and
the upper barbel zone) Alburnus bipunctatus occupied the 8th position in
the stock of the Dunajec. In the sector between the localities Czchéw and
Zglobice (the barbel zone) the Alburnus bipunctatus occupied quantitatively
the last position among the fish caught in this sector.

Alburnus bipunctatus were most numerous in the barbel zone of the
River Biala Tarnowska (the right confluent of the Dunajec) between the
Gromnik and Tarnéw, and in smaller quantities in the lower regions of the
trout zone; it was mot found in the upper part of the River Biala. As far as
the stock of the whole region of the river is concerned Alburnus bipuncta-
tus occupied the 4th position after the barbel, chub, and Chondrostoma
nasus.

In the River Poprad (the barbel zone) Alburnus bipunctatus occurred in
the whole sector from the Czechoslovakian border to its confluence with
the Dunajec. It occupies the 7Tth position in the stock of this river.

Single specimens of Alburnus bipunctatus were also found in the sectors
near the mouth of the following rivers: Czarny Dunajec, Rogoznik, and
Grajcarek.

In many confluents of the Dunajec which are typical troutstreams such
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as: Bialy Dunajec, Cicha Woda, Poroniec, Lopuszanka, Biala Tatrzanska,
Koéwinianka, Lapszanka, Ochotnica, Kamienica ILacka, Kamienica Na-
wojowska, and Lososina no Alburnus bipunctatus were found.

From the available literature and from the data quoted above it follows
that Alburnus bipunctatus occurs most numerously in the upper regions
of the barbel zone and in the lower regions of the trout zone. On the whole
it is not found in small streams, brooks, or even in smaller rivers which
are characterized by gradients greatly exceeding 8%, by a rocky bottom,
or even stony — gravel bottom, this being confirmed by the investigations
of the upper Vistula (Zarnecki, Kolder 1956), where the presence
of this fish was not noted. This species occurs most numerously in rivers
of medium size, with gradients from 1, 1.5%o to 4.0%o, with gravel or sandy
bottom, from 10 to 30 m wide and from 0.3 to 2.0 m in depth, this being
confirmed by a fairly abundant occurrence of this fish in the middle part
of the River Biala.

Alburnus bipunctatus lives collectively in the river-bed, in the middle
parts of rivers, in streams with gravel or sandy bottom with clear water,
this being in agreement with the opinions of Strojnowski (1860) and
Staff (1950). According to Jaskowski (1962) and Zukov (1965),
shoals of Alburnus bipunctatus are found below mill-dams and weirs.

In winter this species gathers in hollows and deep parts of rivers with
gravel and sandy bottom, where it stays till the ice breaks up. According to
Walecki (1864), Alburnus bipunctatus is in constant motion during the
melting of ice and spring rise of the water, and it is then easily caught.
This cyprinid also avoids waters which are becoming overgrown as well
as large deep rivers with muddy water (the bream zone).

Growth, age and condition coefficient

When assembling Alburnus bipunctatus for the purposes of the present
paper, the author collected all the specimens of this species which had
been caught but in the material from the basin of the River San, the first
age group was not found; this was probably due to the fact that the meshes
of the landing-net used were too big.

Comparing the data gathered by Zuk o v (1965) on the rate of growth of
Alburnus bipunctatus in the River Dvina in White Russia for the first and
the second age group, we note that this species grows there less well in
youth than in Poland, this refering to body length as well as to body weight.
The full body length (longitudo totalis) of Alburnus bipunctatus studied
by Bauch (1966) was slightly smaller for the first three age groups than
that of the specimens studied by the present author, but as far as the other
age groups are concerned it was more or less on the same level.

The growth of males and females of Alburnus bipunctatus was fairly
regular, reaching its maximum in the 6th year of life in the San basin
(18.0 g) and in the 9th year of life in the Dunajec basin (30.4 g). In the
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older age groups only a few specimens were found and these were all
females. The majority of Alburnus bipunctatus died off after the 5th and
the 6th year of life and only a few females from the Dunajec basin
managed to live to the age of 8 and 9 years. No great differences in growth
between the sexes are visible either in the San or Dunajec basins (Table III).
Evident differences in body weight of males and females were observed
only in the 5th and 6th age groups in the San basin, and this was probably
caused by the greater weight of the female gonads. In the Dunajec basin
Alburnus bipunctatus grew slightly better than in that of the San.
According to Nowicki (1889), Alburnus bipunctatus sometimes grows
up to 11 em but, on the other hand, Gasowska (1962) and Staf £ (1950)
agree that it reaches up to 10 or 12 cm in length. According to Staff
(1950), specimens of the species reaching 15 em of length are sometimes
found. A similar length for this fish is mentioned by authors from other
countries, such as: Banarescu (1957), Bauch (1966), Berg (1949),
Kossatkin (1958), Schindler (1953) and Zukov (1960, 1965).
Alburnus bipunctatus caught by Spillmann (1961) in the rivers of
France reached 9.06 cm (females) in length and 13.83 g in weight. The
specimens caught by B alomn (1952) in the River Olza were approx. 11.2 cm
in body length and one caught by the same author in the Danube (Balon
1962) was only 6.05 cm in body length and 3.92 g in body weight.

The data concerning body length and body weight of Alburnus
bipunctatus from the San and Dunajec basins are assembled in Table II,
from which it follows that Alburnus bipunctatus caught in the basin of
the upper San weighed on the average about 9.0 g, the mean body length
being about 8.8 ecm. Alburnus bipunctatus from the basin of the Dunajec
River was distinctly larger, its mean body weight being about 12.4 g,
and body length 9.1 cm. The average specimen among 424 which were
studied from both basins weighed 10 g, its body length being 8.6 cm. The
mean body weight of nine-years-old Alburnus bipunctatus from the basin
of the River Dunajec (Table III) was 30.4 g, its mean body length being
12.9 em. These values were similar to maximum body weight and length
cited in the literature.

The condition coefficient of Alburnus bipunctatus from the San and
Dunajec basins, estimated according to Fulton’s formula, showed fairly low
values and in no case did it exceed the value 1 (Table II). The specimens
caught in the River Wolosaty (0.93), the San basin, and the River Biala
(0.94), in the Dunajec basin had the highest condition coefficient, and those
from the River Hoczewka (0.82) in the San basin had the lowest.
As follows from Table II, the differences in the condition coefficients, in
spite of the fact that they were measured for fish from various rivers of
the two basins, were very small. Data on this subject were not found either
in the Polish or foreign literature.

http://rcin.org.pl



183

o‘e Hw0g | 9°¢c - 2'se 40 6‘zL gL - w2l L6 - L'l - g'sL s 6
L¢ vihe | 2'oe = #'2e 2 2'e g‘aL - 6L o'l 0'Si - ¢'4l 4 8
AR ] gLz | 9‘ze - w'sL 9‘o o‘LL| 8Ll - g‘oL #'cL 2t - G'el oL 2
' LeL| sfze -6'aL | e‘o #'oL 1L - €°6 Le 6'CL - £h1L 62 9
¢'e 6‘eL | G*9L - 6’6 ¢'o 96 soL - g'g LLL 6'zL - 46 L7 s
‘2 9‘5 el - 69 8'0 L] 86" - 4% - GO 4L - 9%6 ocL 4
L 24 | 66 -2 (13 6'4 £'6 - ‘s 9‘6 #L - 28 Lzl ¢
9‘2 Lt SR L0 2 9L 9 64 -¢‘s Ls 0'6 - 99 o 2
SSLE /RS 1610 8y GHES = G 8's () = e S L
TeTIeqem oTOUM 6U3 JO SUBSW TBOTAOWULTIY - TNISTINIBW 0F0F80 BIP OTUPSIS
0‘s #'0¢ | 9°¢¢ - 2fse 40 6‘zL gL - w'aL Lt6L L'oL - ¢6L 4 6
L'e w42 | 2°92 - w'ee 2L e'eL c'al - 6°LL 94l 0‘GL - ¢4l ¢ 8
e ¢Le | 9'2e - #'sL ¢‘o o‘LL 8‘LL - ¢oL #cL AR A A oL A
6°¢ 6y | L'6L - ¢fGL 60 LoL 2'LL - 86 6°zaL w'eL - L2 cL 9
8‘¢ o4l | #°oL - o‘zeL o‘L 8‘6 #'0L - 2°6 6°LL wal -2 Hl 4
Ak 2oL | 6°LL ~ 8‘9 L0 8‘g S = e Lol 9Lk ~ Lo 124 %
2'c gL | 26 -~ &‘s (A1) o‘s s = ¢t 6‘6 o‘oL - 2°6 62 (4
8‘e e 2'6 - 9'z 6°L L'e 24 -e's c'e g8 S ta 4 2
) GRS SRS OR 8t PGSy 8‘s (0¥ Sats S v
urseqg oceleung ouy - wolwung ozd9zI0Qq
¢'s o‘sL | Gee - S'ar LeL 9‘oL Ll - €%6 o‘¢L 6'CL - €Ll oL 9
2'¢ 42 | g'or - 66 6‘0 56 G‘oL - §'g 9Lt BsaL — 66 (e} 9
¢'e G'6 | s*aL - S AL 9‘g CHEa = s s‘oL 4L - 96 <6 b
L'e 2% | ¢'6 -2'¢ (A% 64 ¢‘6 -9's 96 vl - 2'8 26 ¢
Ly | 69 - o'z 9‘s 6‘4 - ¢S o‘s 0‘6 - 9‘9 2h e
TISeqg UBg oYY - UUBS 9Z09ZI0(Q
petuers
988eIOUT
onMM.u:MMM. s o3uey Tenony x e3ueyg > £ a3uey o, nﬂwﬂm a9y
Logoxbzad 90TUBIN iLas02Lz3d 8oTURIY 20TTRIN -

8UzZo0oy |uzooy qfx

qoLuepeq

BQZOTT

8 ur smpuog mwo Ut sTIodIod opngtSuoT wo Wl STTE303 opnat3uoT

gutseg oefeung pue UBS oYY JO SIGATI ©UJ WOII SpTUTIdLs 8Uj JO [amoId Jo e3ml 84y “IIT 3Tqel
eoleung 1 nuweg £zoeziop T ¥ozI 2z LotureTweTd nasoxzs odmway *IIT ©TSQERL




184

Tobela IV. Wspdlezynikl zmiennoéeci (v) wymlaréw liniowych i cigiaréw

Teble IV. The coefficlents of variability (v) of linear measurements
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- ﬁo ey -§ -l -4 ! - -l - -l o ! ~ e
AERE NSRRI AR AR AN IR N AR AN AN
Al = | 2|18 S| 8| 8 S S K a 3 S| a
32 d 7,26| 6,85 ,58| 8,72{10,71] 7,81 8,85/11,92|10,30C|18,57|11,45|16,05 12,19| 8,74
h= 10| ¢| 8,57(10,33{1,5312,C7\11,30] 9,39| 9,94|12,93|13,40|11,78|11,18|12,82| 8,54(10,32
42 Jg ?,48| 7,66| 8,59| 9,4¢|10,71| 8,18| 8,97|12,19|11,20|16,8?7|11,29{15,75(11,30 8,75
045 | & 5,84 5,39 6,13| 8,21|10,79| 6,83 5,74| 9,66|10,88|11,27| 8,04|10,76| 9,01| 7,93
IIT | 47 &g 6.34| 5,94 7,9| 7,39 9,33 7,08| 6,68|12,61| 9,49|11,27| 2,78| 9,45 9,02| 7,38
9 |do| 5,93 5,76/ 7,53 8,07|10,12| ?7,06| 6,53|11,33|10,34(11,27| ?7,91|10,23| 9,08| 8,82
51| & 4,69 %,95 6,36| 5,64 9,39| 5,09 6,18|10,32(10,68| 8,81| 7,31| 8,10 7,87 7,42
w 42| o| 4,20| 5,52\ 7,07| 6,33|10,97| ?,09| 7,36| 9,30|12,52|12407| 9,9%| 8,35| 9,49| 6,03
q 93| 89| 5,00| 5,26| 6,88 6,14|10,22| 6,09| 6,80| 9,90(11,80|10,52| 8,72 9,57| 8,91| 6,97
@ 16| 4| 5,04 3,49| 5,09 5,96 7,98 4,79| 8,44| 6,51|11,27|13,28( ?,75|10,00(15,16| 8,16
v 44 JQ 5,27| 5,24| 6,68| 6,29 8,83 5,68| 6,91 7,39|11,47|12,27| 9,27| 8,19|10,23| 8,06
60 | éo| 5,75| 5,59| 7,37 ?,62| 9,45| 6,56 7,77| 8,61|11,79|12,77| 9,47| 8,58(12,24| 8,57
7| &| 4,48| 4,97| 3,77| 6,73|10,86| 5,%0| 5,8| ?,36(11,97|11,90| 7,31| 7,32| 4,04| 8,29
VI 9| ¢| 5,19| 5,00{ 5,80 7,57| 9,82| 5,50| 6,83 7,03 6,39| 6,76| 7,06| 2,95 9,35| 8,61
16 Jg 6,42| 8,07| 6,80| 8,48|10,23| 6,31 7,61 ?7,81| 9,85| 9,55| 8,73| 8,61|10,96|11,18
151 | | 12,37(12,27|12,36|12,83| 14, 52| 12,54 (13,96 | 14,78|13,16| 14,46 | 13, 54 |14, 44| 15,4513, 64
89 | 1 ‘g 12,85(12,69|12,94|13,17| 13,26| 13,67| 12,26 |14, 75|13,97| 15,42 | 4,20|13,93| 15,51 (13,80
33 303 | do | 13,25|14,32|13,66|13,93| 15,54| 13,81|12,81|15, 74 | 14,67| 15,25 | 14, 55| 14,28| 14,77 | 14,49
I 5|de| 8,75| 8,74|11,32(15,41|13,57| 8,33| 9,82|14,20|11,8%|14,06|10,46|13,64| 5,77[10,00
II 4 o’ 8,88 9,56|13%,3%|13,4317,58| 10,84 |10, 56|13 ,24|16,40(11,76 18,04|11,50| 8,97 |11,44
21| d| 3,7| 3,82| 6,27| 8,03|11,88| 2,91 4,81| 5,95 6,90|%0,00| 5,60| 7,59 7,09 7,35
IIX 8 Q 4,17 4,71 4,26|10,47(13,50| 4,68| 3,63| 6,62 9,82 11,30| 8,39| 7,10| 5,18| 5,18
29 | do| 3,95| 4,22| 5,80| 8,66(12,26| 7,30| 5,11| 6,41| 8,08|10,69| 6,91| 8,84 6,64| 5,76
2w | 4| 3,70| 2,81 5,79| 6,26| 8,39 3,9| 3,68| 8,47| 5,97| 8,80| 6,39| 7,73| 7,39/ 6,64
ky 13 {q 2,82| 2,78| 3,79| 4,05| 7,37| 3,26| 4,97| 8,54| 4,75|-5,49| 5,37| 6,79| 7,74| 5,41
37 | é9| 3,46| 3,48| 5,06 5,58| 8,18| 3,96| 4,37| 8,46| 5,50| 8,06| 6,19| 6,19| 7,42| 6,17
3| &| »,8| 5,41 4,e8| 6,84 2,60| 5,73| 5,07| 5,63 7,94|10,9%| 5,26| 6,66| 5,26] 6,74
v i Q 3,95| 4,18| 7,11| &,84| 6,60| 3,84 5,83| 8,00| 8,46| 7,47| 4,28| 4,87| 6,51| 5,92
2 1% | do| 3,92| 4,24 6,74| 8,78 8,55| 3,60| 5,43( 7,24| 9,94|12,11| %,89| 5,09| 5,86( 5,83
3| d| 3,75| 3,44 3,19| 7,85(12,96| 5,03| 2,29| 4,96| ?,53| 0,00| 2,99/|10,81| 5,56( 2,35
VI 10| ¢| 3,06| 3,81 5,16| 6,60| 3,50 4,75| 6,36 10,84 [10,42|12,92| 9,50| 7,87 5,91| 6,24
13 |do | 3,27 3,69 5,15| 2,10 6,19| 5,08| 6,11|10,2710,09|12,06| 8,24| 7,68| 5,67| 5,53
3| & 2,75| 1,35| 2,14| 7,96| 5,82| 5,18| #,00| 4,96| 7,95| 9,21| 5,50| 5,88( 2,86 [13,13
vII 7| ¢| #.0| 3,53| 5,66 3,70| 7,57| »,88| 7,29| 9,82| 6,49| 8,28| 5,38| 4,82| 6,53| 2,77
10 [do | #,41| 4,76| 5,19| 4,92|10,21| 5,90 6,25| 8,51| 6,e4| 8,13| 5,03| 5,06 5,97| 7,01
vizz| 3| o 2,41| 1,93 2,99| 3,92{11,86| 1,80| 2,12| 4,57 | ?,53| 8,66| 4,76| 3,27| 7,18| 7,14
IX 5| ¢| 2,50| 3,02 4,47| 7,03| 4,53| 2,99| 5,8+| 9,15] 8,87| 8,51| 8,97| 4,37| 5,%0| 4,03
58 J 14,51115,02|16,32 |15,32 |21,93 15,93 11,49 13,85 |12,46 |12,12 (11,99 [11,62 |14, 54 |11,08
89 | 52 ‘{9 14,88|15,31|16,61 15,4 [21,17(15,31| 9,78 [18,85 |13,88(17,46 15,60 [15,00 16,08 [14,00
&& | 120 | éo | 19,34 [18,56|19,52 18,28 |23,94 (19,75 17,93 [24,79 |16,35 19,07 [18, 30 |18, 58 20,37 [17, 34
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ciala piekielnicy z dorzecza Sanu i Dunajca (wg wieku')

and of body weight of cyprinids from the San and Dunsjec Basins (according to ase)
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53 w [=] (=] ag‘ « 3 (5] w - = =] (o]
é,o; 16,67| 9,80(13,37| 7,24/11,20|11,15|11,46(11,38| 12,37 9,76|10,00(13,49|10,98| 11,45(11,09| 20,65
8,65 7,16| 9,73|16,82| 8,62|10,00(16,23|16,14|13,42| 9,47| 9,82] 9,06|11,56| 4,08(12,78| 9,75|27,95
8,17|16,71| 9,66|14,05| 7,54|10,83|12,48|12,58|11,79|12,05| 9,70| 9,71|12,86|12,00| 11,67|10,75| 22,15
9,14|10,43| 9,72|12,31| 6,67| 8,74|10,35| 8,67(11,07| 7,79 9,32| 9,30| 9,87, 8,1?/10,46| 9,52| 17,61
9,20|12,47| 8,96|12,42| 7,02| 6,56 8,93|11,99|11,37| 9,58| 8,26| 8,21(10,71| 9,69| 9,00| 8,39 12,59
8,56(11,63| 8,96|12,52| 6,96| ?,71| 9,88/10,72|11,28| 8,75 8,95| 8,78{10,26| 9,18/ 9,78| 9,03| 15,25
8,20|13,54| 8,66|10,43| 6,00| 6,39| .8,13| 8,33| 8,00| 8,43| 6,04| 7,75| 8,43(11,54| 9,49 8,17 12,19
6,03|11,90| 8,00|11,81| 6,49| 6,75 9,90|10,29|11,08| 7,63 8,82| 6,53| 8,21|10,00| 6,80| 6,25 12,21
7,38|12,93| 8,40|11,12| 6,33| 6,58| 9,16| 9,64| 9,69| 8,18} 7,84| ?7,2%| 8,33|10,76| 8,37| 7,42 13,90
?,36|13,17|12,34| 10,57| 4,72| 5,89| 7,19|11,92|10,70| 2,96| 5,92| 6,75/ 8,59|11,16| 6,47| 5,84 10,95
8,25/12,29| 7,53 9,77| 6,19| 5,04| 7,41| 8,70| 8,29 7,87 7,26| 8,76| 7,08 7,63 7,03| 6,80 14,68
8,40(12,31| 9,10| 9,77| 6,88| 6,60| 8,69|10,15| 9,51| 8,48| 5,62| 8,51| 8,30 9,32| ?,80| 7,43 15,62
6,19| 9,09| 6,36| 8,85 5,01| 6,69| 4,89} 6,83|10,40| 4,08| 5,67| 4,89| 5,64| 5,35| 6,33 5,54 7,18
9,25 9,57| 9,80 9,65 5,68| 6,91| 6,44| 8,90 7,29 8,21 4,16| 5,69| 8,48| 8,55| ?,10| 6,6 16,73
9,75| 9,56|11,25|10,00| 6,29| 7,91 6,88/10,61| 8,49] 8,09/ 5,11| 5,81| 9,00|10,64| 9,66| 6,52 17,92
16,44(17,31( 14,32| 15,87 12,6313, 56| 15, 52| 14,2117, 50| 13,61| 15,28 |16,38|15,13| 14,75 15, 56| 15,22| 35,70
13,93|15,00| 13,91| 15,98 13,27|13,31| 14,98|15,79| 6, 54| 13,89| 4,43 [15,13 | 14,9%| 15,37 14, 74| 13,41 36,71
15,79|16,08| 14, 58| 16,28| 13,72 | 14,02| 16,22| 16,32 |17, 32| 14,40} 15,67 | 16,32 (15,61 15,78 15,68( 15,04) 38,58
?,50|16,07|10,78| 14,48 9,06|10,55| 8,14|15,25|13,57| 8,87(10,00 10,71|10,71|16,67|17,04| 46,87
12,61| 6,90|13,07|17,38|10,20(12,81|27,82|12,30|25,2%|10,00| 8,57 8,70| 9,62|10,25| 6,24|26,93
7,50| 8,00( €,63(14,39| 5,3?7| 5,95 9,33{10,20| 9,74 8,76| 7,09 6,89 8,71| 7,81| 9,41/ 14,21
4,00( 6,24| 6,09| 8,16| 5,29| 7,43| 8,65(11,27(11,69| 7,91| 7,43 7,78| 8,93(11,19| 6,02 16,87
5,77| 7,40| 7,1512,41| 5,34| 6,51 9,67/10,61/10,87| 8,57| 7,01 6,64| 8,75 9,05 8,72| 14,84
6,49(10,00| 4,62| 7,82| 4,61| 6,73| 7,43| 8,02|10,60( 5,66 7,23 ?7,36| 7,75| 8,50| 5,18 7,5%
8,37| 6,96| 3,98 7,01 2,55| 5,74| 7,23| 4,80|10,50| 5,35| 4,92 8,10 6,71| 9,91 3,04 9,28
7,19| 9,50| 4,90| 7,61| 3,96| 5,15| 6,87| 7,91| 8,95| 5,46| 6,49 7:53| 7,59| 8,7%| 4,43 8,17
6,74(11,85| 2,60| 8,39| 3,85| 7,96(16,48| 6,89| 7,93| 6,25| €,92 6,24| 6,99| 9,06| 4,14|12,49
5,97|14,38| 5,63| 7,48 5,70| 4,74| 5,38| 8,01 8,19| 4,75| 6,83 7.,47| 9,82| 7,98( 6,03 8,88
5,91|13,94| 5,31| 7,74 5,22| 5,25| 8,02(10,11| 8,%| %,77| 7,06 6,90(10,03| 9,20| 5,54| 9,32
| #%,73|14,10| 5,07|16,30| 3,57| 3,85| 8,70{13,25(12,62| 0,00| 5,54 6,24| 7,53 7,69| 3,90|10,77
6,36|14,15| 8,97(12,26| 4,60| 5,04| 6,96(11,62| 9,02| 7,87| 4,82 9,39| 7,22| 9,40} 3,68| 5,50
5,57(14,38| 7,84|10,22| 4,32| 4,67| 8,36(11,89| 9,84| 6,69 4,82 8,77{ ?7,01| 8,88| 3,91| 6,86
6,19| 5,63| 2,39/ 6,67| 2,56 | 2,27|11,11| ?7,21| 7,52| 3,00| 1,83 5,42| 6,67 3,93| 3,29| 6,68
3,98| 6,33| 4,08| 8,19 5,45 7,%| ?,08| 5,23| 5,79| 3,65| 7,00 7,8%| 6,67| 5,17| 3,97| 6,86
4,39| 6,36| 4,11| 7,38| 4,40| 7,57| 8,16| 6,99| 7,67| 3,53| 4,68 8,20| 6,24| 4,63| 3,90| 6,5%
7,14|13,07| 2,25| 9,75| 3,66 | 2,22|13,%9| 2,45| 2,60| 5,71| 4,68 5,42 | 6,66/10,69| 5,66| 7,81
2,88|11,75| 1,99| 4,88| 3,66| 2,78| 4,38| 5,98| 6,23| 2,55{10,92 3,81| 5,85| 0,00| 7,99| 7,45
10,92 12,13 |12,21|17,43|12,92 [12,67 |15,49 16,98 | 18,48 | 14,03 [16,85 14,30 (13,94 |15,90 [14,38|40,28
14,04 |14,90 |14,72|20,95/|16,03 13,71 [16,00 (19,10 |18,42 |16,29 [15,69 15,87 |15,20 |16, 80 14,34 43,20
17,23 117,45(17,82123,22|19,35 |18,16 |21,33 |22,78 121,94 |19,47 |20,95 24,58 117,97 121,77 119,92 | 53,22
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Tabela V. Zestiwienie cech lorfolosicuvc._l
Table V. Morphological features of oyprin
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32 | & [120,9) 62,7 44,9] 21,2| 79,0 | 24,8 19,8| 17,1 17,2 | 22,7 | 23,0| 11,7 |
II 10 | o |122,2| e4,6| 45,6 21,0| 77,5 25,2 | 20,7 | 16,7 | 17,6 | 23,7 | 23,7 | 12,3
42 | 8o |121,2| 63,1| 45,0 21,2 78,7 | 24,9 [ 20,0 | 17,0 17,3 | 22,9 | 23,1 | 11,9
45 | d |122,9] 62,5| 45,0| 21,2| 77,9 | 24,4 | 20,3 | 17,0 | 18,2 | 24,1 | 24,0 11,8
III 47 120,9 | 64,2 | 45,9 20,6 | 78,2 | 24,7 | 20,0 16,2 | 18,1 | 23,6 | 23,7 | 11,7
92 o’; 121,9| 63,3 | 45,5 20,9 78,0 | 24,5 | 20,1 | 16,6 | 18,1 | 23,8 | 23,8| 11,7
51 d | 121,1| 61,9 | 44,9| 21,0| 78,4 | 23,8 20,0 | 16,5| 18,1 | 23,2 | 23,3 | 11,5
v 42 | od |121,8| 63,1 45,5| 21,4| 77,6 | 24,0 | 20,0 | 16,0 | 18,2 | 23,5 | 23,5 11,5
g 93 | do |121,4|62,4|45,2| 21,2 78,1 23,920,016, | 18,2 | 23,3 | 23,4 | 11,5
“ 16 d | 122,5| 61,6 | 43,6 20,8| 77,8 | 24,1 | 19,6 | 16,9 17,3 | 23,3 | 23,7 | 11,5
v 44 o‘9 121,9 | 63,1 | 45,4 | 21,3| 79,5 | 24,1 | 19,8 16,1 | 18,0 | 23,4 | 23,6 | 11,3
€0 9 | 122,0 62,7 | 44,9 21,2 79,1 | 24,1| 19,8 16,3 | 17,8 | 23,4 | 23,7 | 11,3
7 d | 121,5] 62,7 45,0 21,3| 79,6 | 23,6 | 19,7 | 16,0 | 17,5 | 22,1 | 23,0| 11,2
VI 9| ¢ |122,3|63,4|46,1|20,6| 78,5 23,8/ 20,2|16,1| 18,8 | 23,8 | 23,8 11,0
16 | do |[122,0| 63,1 45,6 20,9 79,0 23,7|20,0| 16,1| 18,3 | 23,1 | 23,4 11,1
g 151 d | 121,8| 62,2 44,8 21,1 78,3 | 24,2 | 20,0 | 16,8 | 17,8 | 23,3 | 23,4 | 11,6
§ 152 121,6 | €3,5| 45,6 | 21,1| 78,5 | 24,3 |'20,0 | 16,1 | 18,1 | 23,5 | 23,6 | 11,5
a8 303 (Z 121,7| 62,9 | 45,2 21,1 | 78,4 | 24,2 | 20,0 | 16,4 | 18,0 | 23,4 | 23,5| 11,5
I 5| do |122,7| 63,9] 46,6 | 17,6| 76,9 | 23,5| 18,1| 13,9 16,4 | 23,9 [ 23,5 11,8
II 4| d |122,2|62,2|42,6|21,5| 77,8 | 24,1 | 18,1 4,8 15,9 | 23,7 | 24,4 | 10,7
21| & |122,4|64,1|45,72|20,4|79,1|23,3|19,3| 16,4 | 17,4 | 24,1 | 24,1( 10,5
IIT 8 o/g 123,1 | 4,7 | 45,8 | 20,0 | 78,7 | 22,7 | 18,9 | 15,1 | 17,5 | 24,3 | 24,2 10,8
29 | do |122,5| 64,2 45,7 | 20,3 | 79,0 | 23,1 19,4 | 16,0 | 17,4 | 24,2 | 24,1 10,6
24 d | 122,5 62,4 | 44,4 | 20,2 77,9 | 22,9 19,2 | 15,5( 17,9 | 23,7 | 23,7 | 10,4
by 13 | ¢ |121,4|62,3|45,6|19,6| 78,5 (22,3 | 18,6 | 15,3 | 17,8 | 23,7 | 23,2 10,5
37 Jg 122,1| 62,3 | 44,8 | 20,0 78,1 | 22,7 | 19,0 | 15,5| 17,9 | 23,7 | 23,5| 10,5
3. & [121,1]65,3(45,6(22,8| 77,6 (23,1|19,415,3|17,7 | 23.1]23,1| 9,9
v 1 (9 121,5 | 62,8 | 42,5 | 19,8 | 78,5 | 22,8 | 18,4 | 15,5 17,9 | 23,8 | 23,6 | 10,8
M | do |121,4)61,9|43,1]20,5]| 78,3 | 22,9 | 18,6 | 15,5 | 17,9 | 23,7 | 23,5 | 10,6
o
2 3 d |120,3 | 62,2 | 42,5 21,3 | 76,5 | 24,1 | 18,7 | 15,2 | 17,1 | 23,5 | 23,2| 9,5
é VI 0 | ¢ |121,3 | 64,1 |44,5|20,8| 78,9 22,3 |18,7|15,4| 17,5 | 22,4 | 22,3 -9,9
13 | do [121,1| 63,7 |44,0|20,9(78,3]|22,7(18,7| 15,4 17,3 |22,7|22,5| 9,8
3| & |121,1|63,0(41,9|23,2 80,4 |22,0|17,6115,0( 12,9 |20,5|21,7| 9,1
VII 7| @ |121,2|62,8|44,7|20,7| 77,9 | 22,7 | 18,2 | 15,1 | 17,7 | 22,8 | 22,5 | 10,0
10 | d 121,2 | 62,9 | 43,8 | 21,5 | 78,6 | 22,5 | 18,0 | 15,0 | 17,8 [ 21,1 | 22,3 | 9,7
?
VIII > { 120,3 | 64,7 | 44,7 | 22,5 | 78,9 | 22,5 | 17,3 | 14,5 | 17,5 | 23,0 | 23,0 | 9,6
i 5| ¢ |121,4|65,7|43,1|22,9| 78,4 |22,218,8|14,9|17,8|23,1|22,6| 9,3
58 d | 122,0 63,3 | 44,9 20,7 | 78,6 | 23,0 | 19,0 | 15,7 | 17,5 | 23,6 | 23,5 | 10,0
g4 | & 121,5 | 63,6 | 44,3 | 20,6 | 78,5 [ 22,7 | 18,5 | 15,2 | 12,7 | 23,3 | 23,1 | 10,2
2o | 120 o’: 121,4 | 63,4 | 44,5 | 20,6 | 78,5 | 22,8 | 18,8 | 15,4 | 17,6 | 23,5 | 23,4 | 10,3
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piekielnicy z dorzeczy Sanu i Dunajca (wg wieku)
ids .from the San and Dunajec Basfns (according to age)
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22,5 13,7 51,1 36,5| 20,9 18,6 17,5| 25,2 | 20,7 | 9,5| 10,9| €3,5| 44,1| 30,5| 29,7| 71,8| 30,7
22,6 | 13,4 | 50,8 | 26,5 | 22,2 19,3 18,2 25,4 | 21,0 [ 9.7| 10,9 66,3 45,2| 30,1| 27,1| 68,7| 29,5
22,5 | 13,4 | 51,0 | 36,5| 21,2 18,7 17,7 25,3 | 20,8 | 9,6 | 10,9 €4,2] 44,4| 30,4 29,1| 71,0| 30,4
23,4 | 13,9| 51,3 | 37,6 | 21,8| 19,3 | 19,2| 26,4 | 22,0 | 9,9 | 11,2 | 67,C| 46,8] 30,1| 29,1| 75,4 31,8
22,9|13,4| 51,5| 37,0 22,3 19,6| 18,4 | 26,9 | 21,9 | 9,7 | 13,7 | 67,4 | 46,1| 30,0| 28,1| 73,5| 31,6
23,1|13,6| 51,4 | 37,3 | 22,0 19,5| 18,8 26,7 [ 21,9 | 9,8 | 11,3 | 67,2 46,4| 30,1| 28,6| 74,4 31,7
22,6 | 13,5 51,0 | 37,2 | 21,8| 18,9| 19,3| 26,5 | 22,3 [ 9,7 | 11,5| €6.,8| 46,4| 29,0( 28,7| 75,0 32,0
22,5|13,4 | 51,5 36,9 | 22,3 | 19,6| 18,1| 27,4 | 22,3 | 9,7 | 11,2 | 67,3 | 46,8 30,1 27,6 74,8] 31,7
22,6 | 13,4 | 51,2 | 37,1 | 22,0 19,2 18,8] 26,9 | 22,3 | 9,7 | 11,4 | 67,0 46,6| 29,5| 28,2 74,9| 31,8
22,5 13,5| 50,7 | 36,4 | 21,7 18,4 | 19,0| 26,9 | 23,0 | 9,8 11,2 66,6 | 45,4| 28,9 28,0| 7%,0| 31,7
22,2 |13,5| 51,7 | 37,5 22,7| 19,8 19,3 | 27,1 | 22,5 9,9 | 11,5| 67,8 47,5| 29,2 28,2| 74,7| 32,4
22,3 | 13,5| 51,4 | 37,2 | 22,4 | 19,4 | 19,2 | 27,1 | 22,6 [ 9,9 11,4 67,5| 47,0 29,1 28,2| 74,5| 32,2
22,1|13,2| 51,8 36,2 | 22,6 | 18,6 | 20,4| 27,5 [ 23,1 [ 9,6 | 11,1 | 67,0 47,5| 28,4 | 27,2| 72,8| 30,9
23,6 | 13,3 | 51,3 | 36,5 | 22,5| 19,8 18,7 | 26,5 | 22,5 | 9,8 11,7 65,1| 46,7 28,6 | 26,9 73,1| 33,0
22,7 | 13,3 | 51,5 | 36,4 | 22,5 19,3 | 19,4 | 26,9 | 22,8 | 9,7 | 11,4 | 65,9 47,0| 28,5 27,0| 73,0} 32,1
22,8 | 13,6 | 51,1 37,0 | 21,7 18,9 19,0| 26,4 | 22,0 [9,7| 11,2 66,3 | 46,1| 29,5 22,8| 7,3| 31,6
22,6 | 13,4 | 51,5 37,9 | 22,4 | 19,7 18,6 | 27,0 | 22,2 | 9,8 | 11,4 | 67,3 | 46,7] 29,7 27,9| 7,0| 31,9
22,7 |13,5| 51,3 | 37,1| 22,1| 19,3 | 18,8 26,7 | 22,1 | 9,8 11,3 | 66,8 | 46,4 | 29,6 | 28,3 | 74,1| 31,7
21,4 [12,2| 53,4 | 38,2 21,8( 16,8 17,6 23,9 8,8[ 11,5 63,9] 44,6[ 33,9 28,6 7,4] 32,5
20,7 | 10,7 | 52,2 | 38,5 | 24,4 | 18,1 | 15,6 | 25,9 8,5|(11,9| 65,6 | 44,6 | 30,8| 26,2 | €9,2| 32,3
23,0 [ 12,5 | 52,0 | 38,1 | 22,0 18,4 | 19,0 25,4 9,2 [ 11,8 62,7| 44,4 30,8 | 26,3 | 72,7 33,1
22,1 (11,1 52,5 27,7 | 24,5 20,0 17,3 | 27,2 9,2 12,9| 67,7 44,8| 32,2 25,9| 70,8| 33,6
22,8 12,1 52,1 | 38,0 | 22,6 | 18,9 18,5 25,9 9,2 | 12,1| e,1| 44,5 31,2 26,2] 73,3| 33.2
22,6 | 12,5 | 52,0 | 37,8 | 22,6 | 18,6 | 19,0 26,5 9,1| 12,2 66,0 | 45,7 | 30,0 26,3 | 70,3| 32,7
21,9 | 12,3 | 52,5 | 37,4 | 23,6 | 20,3 | 18,3 | 27,2 9,1 (12,4 | 68,2 | 45,8| 30,4 | 26,1 | 73,9| 34,0
22,4 | 12,5 | 52,2 | 37,7 | 22,9 | 19,2 | 18,8 26,8 9,1|12,3| 66,8 | 45,8 30,2 | 26,2 | 71,9| 33,2
22,8 (13,9 52,9 |37,1] 21,8 17,0| 19,7 25,5 9,5| 12,9 65,3 | 45,6 | 32,4 | 23,5 20,8 36,5
22,0 | 13,0 | 52,9 | 38,0 | 22,8 | 20,1 | 18,6 | 27,2 9,7| 12,2 | 65,8 42,3 | 29,0| 26,5 | 72,7 32,7
22,1 |13,2 | 52,9 | 37,8 | 22,6 | 19,4 | 18,9 | 26,8 9,6 | 12,4 | 65,7 | 47,0 29,7 | 25,9 | 72,2 33,9
21,6 (12,1 | 53,3 | 37,8 | 21,9 [ 19,0 20,0 | 26,3 8,9 | 12,4 | 64,8 46,1 30,3 23,7 | 71.7| 30,5
21,8 | 12,4 | 53,5 | 37,5 | 24,0 | 20,1| 18,0 26,5 9,2 | 12,4 | 66,0 | 44,8 | 29,7 | 22,2 | 75,1 53,1
21,7 [12,3 | 53,3 | 37,5 | 23,5 | 19,8 [ 18,5 26,5 9,1 12,4 | 65,7 | 45,1| 29,8 | 26,3 | 73.7| 32,4
21,4 | 13,2 | 52,4 | 38,7 | 23,8 | 21,1 | 20,2 | 27,9 9,4 | 12,9 | 67,2 | 46,7 | 29,3 | 25,3 | 77,3 | 3,7
21,4 | 13,6 | 52,8 | 36,6 | 23,6 | 20,2 | 19,1 | 27,3 8,9 | 13,5 | 67,9 | 45,7 | 31,2 | 26,0 | 76,3 | 34,1
21,4 |13,5°| 52,7 | 37,2 | 23,6 | 20,5 | 19,5 | 27,4 9,1 (13,5 | 67,7 | 46,0 | 30,6 | 25,8 | 76,6 | 34,3
21,1 12,9 | 53,7 | 37,0 | 23,3 | 19,5 | 18,4 | 26,8 8,8 11,8 | 65,5| 46,3 | 28,0 | 24,4 | 74,4 | 31,2
21,4 | 13,3 | 53,2 | 36,3 [ 23,7 [ 19,7 [ 18,9 | 26,8 9,1 | 12,4 | 64,5 [49,6 [ 28,8 [ 25,9 [ 75,5 32,9
22,3 |12,5 | 52,4 | 37,6 | 22,7 | 19,1 | 18,8 | 26,3 9,1 | 12,2 | 65,1 | 45,3 | 30,7 | 25,7 | 72,9 | 33,0
21,7 | 12,7 | 52,9 | 37,3 | 23,6 | 19,9 | 18,4 | 26,9 9,2 | 12,5 | 66,6 | 45,9 | 29,7 | 26,0 | 73,9 | 33,0
‘{2251 112,6 | 52,6 | 37,6 23,0 | 19,3 | 18,7 | 26,5 9,1 | 12,3 | 66,0 | 45,0 | 30,2 | 26,0 | 73,0 | 33,2
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Morphological features

A basic statistical analysis was carried out by calculating the following
paramaters: the arithmetical means (X), the standard deviation (o), the
coefficients of variability (v %), and the proportions of the body .in relation
to body length (longitudo corporis) and the lateral length of the head
(longitudo capitis lateralis). Altogether 31 morphological features were
measured and the weight of individual fishes was determined. The
investigated morphological features concerned the trunk (25 features) and
the head (6 features).

Some slight differences in absolute magnitude of variability () between
males and females of Alburnus bipunctatus from the two basins were
observed. Females of the studied species were distinguished by a slightly
greater absolute variability of body size than males. The absolute
variability measured by means of the standard deviation showed some
tendencies towards increase with the growth of the fishes in time, both
in the Dunajec and San basins but this does not prove that the variability
of shoals as a whole also grows. The course of variability in the shoals
of the individual age groups is shown in Table IV in which the relative
variability of shoals is shown by means of the coefficient of variability.

As follows from Table IV, in all the features measured there occurs
with increasing growth a decrease in the relative variability (v %) in both
the basins studied. It is particularly strongly marked between the second
and third year of life, mainly with Alburnus bipunctatus from the basin
of the Dunajec. This concerns body weight, in which a rapid decrease in
variability followed by its stabilization can also be observed. This
phenomenon is also known from carp culture (Wlodek 1966), from
gudgeon (Skéra, Wlodek 1969), from tench (Skéra 1964), and from
bream (Sk 6ra 1969).

The differences in the relative variability of body size between males
and females of the studied species were small and did not show any
regularity. The population from the Dunajec basin treated as a whole
showed greater relative variability for all the features studied than that
from the San basin. Nevertheless, it must be understood that all the age
groups which were caught in the given basin (Table IV) were studied
together and here there was a significant difference. The population from
the San basin consisted of five age groups only (from the 2nd to the 6th),
whereas that from the Dunajec basin consisted of 9 age groups, i.e. from
the 1st to the 9th and this was probably the cause of the final greater va-
riability of all the morphological features of Alburnus bipunctatus from
the Dunajec basin. ¢

On the basis of Table V one can observe that the described species of
fish showed a considerable stability in the mean proportions of the body,
irrespective of age. The differences observed in the body proportions of
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males and females did not exceed 1% except in one case where the
proportion of the body circumference of females from the basin of the
Dunajec was 1.5% greater than that of males this being connected with
the size of the gonads of individual fish.

On the basis of the data collected in Table VI it can be seen that the
variability of Alburnus bipunctatus from the San and the Dunajec basins
was subject to the same phenomenon as gudgeon from the Dunajec basin
(Skora, Wiodek 1969), i.e.,, a decrease in relative variability with age
followed by a certain stabilization. In the morphological features of the
trunk the stabilization of variability was more marked than in those of
the head.

In examining the biometrical data according to the fishing points, it
was found that the mean linear measurement of the body of Alburnus
bipunctatus was very similar to each other in spite of the fact that these
fishes came not only from various stands but also from various rivers and
even from various basins, that is to say from different environmental
conditions. Greater differences were found only in body weight, this being
caused by an environmental factor. Probably at points which were more
fertile larger specimens with better condition were caught.

Relative variability (v %) shows considerable differences between the
rivers. The greatest variability was found with Alburnus bipunctatus from
the Dunajec, from the area denoted Dunajec II, i.e., from the sector from
Czchow to Ujscie Jezuickie. All the data concerning the variability of body
size of Alburnus bipunctatus caught along this sector remain almost ali
the time over 20% (with the exception of one feature, the diameter of eye).
In fishes from other regions of the rivers variability of the morphological
features, with the exception of body weight, very rarely rose above 20%
and in most cases only reached 15%. Alburnus bipunctatus from the Biala
Tarnowska river (Dunajec basin) also showed fairly high variability but not
as high as that of Dunajec II. Populations of Alburnus bipunctatus from
the San basin showed on the whole smaller variability than those caught
in the Dunajec basin (Table VII). The specimens caught in the River
Hoczewka, which within the population from the San basin, showed the
greatest variability of the measured features, had only one body feature
out of the 30 studied whose variability rose slightly above 21% (the base
of the anal fin), but the variability of 29 features ranged from 13.28 to
19.13%. These distinct differences in variability of fishes from the San and
Dunajec basins are stressed by the measured standard deviation of the
linear size of the bodies of the fishes.

In Table VIII the plastic features of Alburnus bipunctatus from the
rivers or from particular sectors of them are shown in percentage of body
length or length of the head. It was found that the total length expressed
in percentage of body length is similar in the two populations investigated,
i.e. those of the San and of the Dunajec. This would show that Alburnus
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Tabela VITI. Zestawienie cech morfologicznych
Teble VIII. Morphological features of cyprin

Dorzecze -~ Basin ° San
Rzeka - River Sen I San II | San III | Wolosaty | Solinka | Wetlina
Role " i i e e e et
in % longitudo
fonsimdo totalis 1 122,3 |1 121,6 121,2 121,6 121,8 121,2
Longitudo praeanalis 62,7 62,9 62,9 62,9 63,1 64,2
Longitudo praeventralis 44,6 45,1 44,6 45,3 45,4 44,9
Longitudo pedunculi caudae 20,9 21,5 20,1 22,0 21,2 20,5
Longitudo trunci 78,2 78,4 76,0 79,4 79,8 77,4
Longitudo capitis lateralis 24,2 24,4 24,2 23,7 24,4 24,1
Longitudo P 20,1 20,1 20,0 19,3 19,6 20,5
Longitudo V 17,0 16,6 16,0 16,4 16,9 16,7
Summa altitudo A 17,9 18,3 17,3 18,0 18,4 19,3
Longitudo pinnae C superior 23,2 23,8 23,1 24,2 23,4 23,8
Longitudo pinnae C inferior 23,5 24,1 23,3 24,2 . 23,5 23,5
Longitudo pinnae C media 12,0 1,5 11,2 11,9 11,6 12,0
Summa gltitudo D 22,8 23,1 21,9 22,8 22,9 23,8
Longitudo basirsD “%,0 13,7 13,4 13,3 13,3 12,2
Distantia praedorsalis 51,2 51,6 50,9 51,2 51,3 52,7
Distentia postdorsalis 36,9 37,5 36,2 37,0 37,1 26,9
Spatium inter P et V 22,2 21,8 21,7 22,5 22,1 21,9
Spatium inter V et A 19,7 19,4 19,2 19,3 19,1 18,1
Longitudo basis A 19,2 18,8 18,2 18,7 18,5 17,6
Summa altitudo corporis 26,9 26,6 26,0 28,8 26,1 25,2
Altitudo analis 22,7 22,1 21,7 23,0 21,9 20,2
Minima altitudo corporis 9,9 9,9 9,4 10,0 9,8 8,9
Summa latitudo corporis 1,6 11,3 11,0 1952 1,2 10,8
Summa longitudo in circuitu 68,4 67,0 63,9 69,5 67,0 62,3
in % longitudo
Iongitudo spatii postorbitalis 46,9 45,9 45,2 47,0 46,7 46,8
Diameter oculi 29,7 30,1 29,7 28,7 30,2 29,4
Iongitudo spatii praeorbitalis 27,8 29,0 28,1 28,1 28,6 y 29,4
Summa altitudo capitis 75,1 75,5 71,9 75,1 74,1 70,6
Distantia inter oculos 31,8 32,1 29,8 32,2 31,3 31,2

bipunctatus from the San basin had a caudal fin of similar length to that
of Alburnus bipunctatus from the Dunajec basin. This is supported by the
relative values of the sizes of the lower and upper lobes of caudal fin. The
differences were observed, however, during comparison of the mean
values of the sizen of the middle ray of caudal fin, and this difference is
1.2% in favour of the population from the San basin. Some differences
for the above discussed features were also observed within the two
populations.

In analizing the mean values it can be stated that Alburnus bipunctatus
from the San basin had a longer head (24.2%) than those from the Dunajec
basin (22.8%). In the San basin Alburnus bipunctatus from the stream
Wolosaty had the smallest head (23.7%). But it was still larger than the
largest head of Alburnus bipunctatus from the River Biala Tarnowska
(a confluent of the Dunajec) (23.1%). Thus it follows that the head length
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plekielnicy z dorzeczy Sanu i Dunajca (wg sbanowisk)
ids from the San and Dunajec Basins (according to fishing points)

Dunageo eeas”
Hoczewka | Osasa 5‘2::? Dunajec I|Dunajec II | Poprad| Biaza T. ,l},g:ﬂ g\ax:asao

40 31 304 23 12 18 67 120 424

corporis
120,9 122,1 121,7 121,2 121,7 121,8 121,3 121,4 121,6
62,8 62,4 62,8 64,3 62,7 63,0 63,4 63,4 63,0
46,1 45,8 45,2 45,0 44,3 40,5 45,5 44,5 45,0
20,6 21,6 1,1 21,1 18,7 20,8 20,7 20,6 20,9
72,6 78,0 R4 80,3 78,1 78,7 78,0 78,5 78,3
24,1 24,0 o 22,7 22,6 22,3 23,1 22,8 23,8
19,4 20,2 19,9 18,0 18,4 19,1 19,1 18,8 19,6
15,5 16,3 16,4 15,3 15,2 15,5 15,5 15,4 16,1
17,4 e a8,5 18,0 17,4 18,2 18,1 17,4 17,6 17,9
23,0 23,5 23,4 23,0 23,7 23,1 23,7 23,5 23,4
23,2 23,5 23,6 23,1 23,8 23,0 23,5 23,4 23,5
1459 3052 11,5 10,2 10,4 9,8 10,5 10,3 11,2
21,8 23,2 22,7 2157, 22,3 21,9 22,3 22,1 22,5
12,9 13,3 13,5 12,9 13,1 12,9 12,2 12,6 13,2
51,6 50,8 91,3 52,3 52,1 5343 52,6 52,6 51,7
37,1 37,9 37,2 37,4 37,5 38,1 37,6 37,6 37,3
22,0 22,5 22,1 23,7 23,0 22,7 22,9 23,0 22,4
18,5 19,3 19,3 20,2 19,7 19,1 19,0 19,3 19,3
18,4 19,4 18,8 18,7 18,9 19,5 18,3 18,7 18,7
26,5 27,2 26,8 26,9 26,3 27,6 26,1 26,5 26,6
21,6 22,2 22,1 =

9,5 9,9 9,8 9,4 9,0 9,4 9,0 9,1 9,5
1,3 11,4 1,3 11,8 12,4 12,2 12,6 12,3 1,6
64,3 63,7 66,8 65,3 63,0 66,9 66,6 66,0 66,6

capitis lateralis

45,8 43,0 46,4 45,1 47,0 47,7 45,1 45,3 46,1
29,0 29,1 29,6 28,8 28,7 29,5 31,2 30,2 2§.8
28,7 27,3 28,3 26,8 25,6 25,5 25,9 26,0 27,6
71,3 74,8 74,0 73,2 73,0 74,0 72,6 73,0 7ELY
31,8 33,3 31,7 32,3 33,5 33,6 33,4 33,2 32,2

of Alburnus bipunctatus from the Dunajec basin was closer to that of
Alburnus bipunctatus from the French rivers (Spillmann 1961) and
the head length of this species from the San basin was closer to that of
Alburnus bipunctatus from Persia (Spillmann 1961) and Dvina
(Zukov 1965). The sizes of mouth length and postorbitalis length given
in percentage of the lateral length of the head (longitudo capitis lateralis)
were consequently greater in fishes from the San basin. The diameter of
the eye did not show any great differences either within the groups
themselves or between one group of fishes and another; mor did this
feature differ from that in the same species studied by Spillmann
(1961), or in that described by Zukov (1965). The head height showed
very considerable variations among fishes from the individual rivers of
the San basin. The smallest head height was observed in Alburnus bipunc-
tatus from the River Wetlina (70.6% of head length) and the greatest in
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those from the sector San II (75.5% of head length). Much smaller variations
were observed in the fishes caught in the Dunajec basin. Head height of
the specimens of Alburnus bipunctatus from the San basin was smaller by
1% than that of Alburnus bipunctatus from the Dunajec basin. Head height
measured in comparison with head length by Zukov (1965) for Alburnus
bipunctatus from the River Dvina was distinctly smaller than that of the
Alburnus bipunctatus studied in the present paper, though the range of
variation was similar.

Width of forehead was greater for the fishes from the Dunajec basin
and only Alburnus bipunctatus from the River Oslawa, from the sector
San II, and from River Wolosaty had a width of forehead similar to that of
the fishes from the Dunajec basin.

The fishes from the River Wolosaty in the San basin were
distinguished by the greatest body height (28.8% of body length) and those
from the River Wetlinka, from the same basin, by the smallest. Body
heights of Alburnus bipunctatus (in % of body length) are similar in the
two studied basins and correspond with those of Alburnus bipunctatus
grom some French rivers (Spillmann 1961) and from the Rumanian
rivers (Banarescu 1957). On the other hand they are sligthly higher
in comparison with the mean height of Alburnus bipunctatus from some
regions of Bulgaria studied by Bamarescu (1957). The proportion of
the smallest body height to length was similar in all cases within the
basins as well as in comparison between one basin and another. Alburnus
bipunctatus from the River Dvina studied by Zukov (1965) had a similar
smallest body height.

Specimens from the Dunajec basin had a slightly greater width than
those from the San basin, this being more interesting because it was not
connected with the increase in the proportion of body circumference to
length. In the San basin Alburnus bipunctatus from the River Wolosaty
had the greatest body circumference (69.5% of body length), and in the
Dunajec basin, those from the River Poprad (66.9%). In the San basin
Albuwrnus bipunctatus in the River Wetlina had the smallest circumference
(62.3%) and in the Dunajec basin those from the Dunajec II sector (63.0%).
Thus the relative values of this feature displayed considerable variations.

The proportion of the predorsal distance and post-dorsal distance to
body length displays moderate variation within the basins but in comparing
the two basins a slightly longer anterior of the body of Alburnus bipunc-
tatus from the Dunajec basin was observed. Similar measurements of the
predorsal distance were obtained for this species by Banarescu (1957),
Spillmann (1961), and Zukov (1965) and by Zukov (1965) of the
post-dorsal distance. '

The mean preanal and preventral distances were similar for Alburnus
bipunctatus from two basins and almost identical with the means calculated
by Zukov (1965) for Alburnus bipunctatus from the River Dvina,
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In the San basin specimens from the River Wolosaty had the longest
caudal stem and those from the sector Dunajec II the shortest. The mean
trunk length of Alburnus bipunctatus from the studied basins was sligthly
greater than mean trunk length given by Zukov (1965) for Alburnus
bipunctatus from the Dvina basin.

The distance between the pectoral and ventral fins was longer in fishes
from the Dunajec basin but the distance between the ventral and anal
fins was identical for the two populations studied and similar to the
measurements obtained by Zukov (1965) for the same species from the
Dvina basin.

The length of the base of the dorsal and anal fins was shortest for
Alburnus bipunctatus from the River Wetlina in the San basin. Fishes
from the sector San I had the greatest length of the base of dorsal fin and
those from the River Poprad in the Dunajec basin had the longest base of
the anal fin. Similar means for these two features in the same species are
given by Zukov (1965) from the Dvina basin.

The length of the fins of the studied cyprinid was similar to that of
the fins of the same species from some French described by Spillmann
(1961), but according to Zukov (1965) the fins of Alburnus bipunctatus
from the Dvina basin were somewhat shorter.

It follows from the calculations assembled in Table VIII that there are
some distinct differences in the plastic features of Alburnus bipunctatus
from the individual rivers, or from their different sectors. These
differences are to great extent conditioned by individual variability and
trophicity of the rivers or their sectors.

Meristic features

Arithmetical means of the number of scales on the lateral line of the
body calculated for the investigated fish (Table IX) are on the whole in
agreement with those calculated by Banarescu (1957) for Alburnus
bipunctatus from the rivers of Rumania and Bulgaria and with those given
by Spillmanmn (1961) for this species living in some French and
Persian rivers. The same is true of the standard deviation, hence there is
a certain similarity in the variability of the number of scales of this species
occurring in Rumania, Bulgaria (Banarescu 1957), France, and even
in Persia (Spillmann 1961).

Moreover, a kind of anomaly in the structure of the lateral line of the
studied cyprinid was noticed. It was found that the majority of specimens
of both populations had larger or smaller repeatedly recurring bends and
curves of the lateral line on the level of the ventral fins. In the case of
14 specimens from the San basin and 3 from that of the Dunajec, the

13 ,,Hydrobiologica”
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lateral line ended on the level of the base of the ventral fins and its
continuation was seen in a higher or lower row of scales. In 9 cases rows
of scales overlapped, perforated by small canals, over a length of 2 to 4
scales (never more). In all such cases the lateral line ended normally on the
caudal trunk. The number of scales perforated by the apertures of the
lateral line on the right and the left sides of the body was not always the
same and the asymmetry observed ranged from 1 to 5 scales. The scales
were always counted in the line on the left side of body. With many
specimens the course of the lateral line on one side of the body of the
first did not correspond to that on the other side. This asymmetry was
found in 35% of specimens. Some individuals were found in which the
lateral line on one side of the body ran very regularly, while on the other
it was curved or even broken.

The number of rays (Table IX) in the dorsal, ventral, and anal fins
refers to the branched rays. It should be noted that the last ray, which
is sometimes divided till the base in the dorsal and anal fins, was always
counted as one. Single, hard rays (2—3 in the dorsal fin and always 3 in
the anal and ventral fins) were omitted.

In general, in the fins of the studied cyprinid the following number
of supple and stiff rays occurred: D II—III/6—9, P 11—16, V II/6—9,
A 11I/11—17, C 19.

Gill rakers on the first branchial arches wers short and sparcely set
in the studied Alburnus bipunctatus. The number of gill rakers (7—13)
given in Table X was always counted on the left side of gill-cover on the
edge of the first branchial arch. Asymmetry in the number of gill rakers
was quite often observed on the outer edge of the first branchial arch on
the left and the right side of the head. This asymmetry amounted most
often to 1 to 2 rakers, occasionally 3, more on the left or on the right
branchial arch.

The number of vertebrae in the spinal column of the discussed Albur-
nus bipunctatus ranged from 37 to 42 (Table X) with a predominance of
specimens with 39 vertebrae.

The pharyngeal teeth of Alburnus bipunctaius occur in two rows and
in 11 arrangements. Hence it follows that the variability of the arrange-
ment of the lower pharyngeal teeth was in this fish very great (Table X).
The following arrangements of the lower pharyngeal teeth were observed
most frequently: 2.5—5.2, 2.5—5.2, 2.5—5.3, 2.4—5.2, this being observed
in 404 out of 424 of the examined fishes, i.e. 95.3% of the whole material
studied. On the basis of the obtained results, it can be stated that the
arrangements of the lower pharyngeal teeth typical for this species are
those mentioned above, the remaining 7 arrangements encountered in single
individuals being atypical. This is supported by the investigations of other
authors, such as Banarescu (1957), Horoszewicz (1960), Spill-
‘mann (1961), Zukov (1960, 1965), and others.
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Reproduction

Strojnowski (1860) states that spawning of Alburnus bipunctatus
takes place in May. Ggsowska (1962), Nikolski (1950), Schind-
ler (1953), Staff (1950), and Zukov (1965) give a broader time-limit,
namely from May till June. Kossatkin (1958) establishes the spawning
time of Alburnus bipunctatus observed by him as the beginning of the
third decade of June.

In the San basin Alburnus bipunctatus was caught in the third decade
of August, after earlier spawning, similarly as in the upper confluent of
the Dunajec, i.e., till the town of Nowy Sacz where fishes were caught
from 5 to 13 September. The diameter of the eggs ranged from 0.20 to
0.65 mm, 0.38 mm on the average. In the material caught from the lower
Dunajec and in its right confluent the Biala Tarnowska between 20 and
27 May, two females partly spawned from the 5th age group were found,
this supporting Zukov’s observations (1965) about the staggered
character of spawning of Alburnus bipunctatus. The remaining females
from this period aged from 3 to 9 years, in spite of the fact that the
temperature of the water at that time reached 19 °C, did not spawn, but
they were already in the IV and V phase of sexual maturity, which means
that they were capable of immediate spawning.

The coefficient of sexual maturity (proportion of gonad to body weight)
of these unspawned females ranged from 10.0 to 26.3 and that of the two
partly spawned females was respectively 8.0% and 9.3%. A female from
the 5th age group, caught in the River Biala Tarnowska had the greatest
coefficient of sexual maturity.

The youngest females in the studied material which could spawn for
the first time were 3 years old and males 2 years old.

According to Gasowska (1962) Alburnus bipunctatus spawn for
the first time at the age of two or three years, which is confirmed by the
present observations. Gasowska (1962) also states that this species
spawns in rivers with sandy bottom, but Schindler (1953) and Staff
(1950) state that females of Alburnus bipunctatus spawn on a gravel
bottom. Nikolski (1950), and Zukov (1960, 1965) consider a stony
bottom to be the one on which females of Alburnus bipunctatus can spawn.
Observing the course of spawning of Alburnus bipunctatus in the rivers
of Southern Poland, namely in the basins of the Rivers San, Dunajec, Raba,
Czarna Staszowska and Nida, it was possible to establish exactly that this
fish is not so very fastidious and that it spawned in every kind of river
bottom, only an appropriate flow of water being needed. All the authors
mentioned above, in discussing this problem, point out the need of an
appropriate flow of water for spawning.
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Nutrition
The composition of the content of the alimentary tract of Alburnus
bipunctatus from the San basin as well as from that of the Dunajec (fig. 3)

was somewhat varied, as was the case with the specimens analysed by the
Rumanian authors (Gyurko, Nagy, Wilhelm 1967).

San Dunajec

7092
29,0
13,98
1,66 Lo m
254 —-:-;o el N
LN ) .. Sans v
o.o..g,.éi -; ;. "V
N X615
A I rﬁaia t%ﬂ‘u E:
I ity

[ Algae BNER) Ephemeroptera [N Diptera

Makroflora Plecoptera Trichoptera
B o/igochaeta EHEE Coleoptera Lepidoptera

B2 Crustacea [EEF Hymenoptera XXX Detritus
Szczqtki zwierzqt - Animal remains

Rye. 3. Procentowy udzial poszezegélnych skladnikéw zwierzat i ro$lin w pokarmie
piekielnicy (Alburnus bipunctatus Bloch) z dorzeczy Sanu i Dunajca
Fig. 3. Proportional participation of the particular components of animals and plants
in the food of Alburnus bipunctatus Bloch from the San and Dunajec basins

The analysis of the contents of alimentary tracts of Alburnus bipuncta-
tus caught in May as well as in August or September showed that
invertebrates were the main ingredient and then lower plants. In the food
of Alburnus bipunctatus caught in the San basin invertebrates formed
about 62% of the food mass, and lower plants 29.1%. In the Dunajec basin
invertebrates formed about 60% and lower plants about 34% of the food
mass. The remains of higher plants had some importance in the food of
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Alburnus bipunctatus caught in the Dunajec basin but zooplankton was
rather additional or incidental food.

Of the animal food the smallest forms of Tendipedidae had the greatest
importance in nutrition, followed by the may-flies (Ephemeroptera), case-
-worms (Trichoptera), and Hymenoptera. Not only fragments of the
organisms living in the rivers were contained in the alimentary tracts of
Alburnus bipunctatus, but also fragments of riverside leaves, plants, bushes,
and trees. Alburnus bipunctatus also catches food from the air, this being
evidenced by the remains of the wings of insects found in its alimentary
tracts; this finding supports Nikolski’s opinion (1950).

According to Nikolski (1950), Schindler (1953), Staff (1950),
and Strojnowski (1960), the basic food of Alburnus bipunctatus are
invertebrates and, as was mentioned above, Gasowska (1962) states
that it feeds on plankton. Zukov (1960) puts zooplankton in the first
place in the food of Alburnus bipunctatus before invertebrates, but the
same author in a paper from 1965 states that the larvae of insects are its
main food.

In comparing the results of the analysis of the contents of the aliment-
ary tract of Alburnus bipunctatus from the San and Dunajec basins with
the results of those from Alburnus bipunctatus living in the waters of
Rumania (Gyurko, Nagy, Wilhelm 1967), a similarity with regard
to both quality and quantity of food is clearly visible.

Conclusions

In analysing the mean growth of the fish separately for each basin, it
may be stated that Alburnus bipunctatus grows similarly in the two
regions. As far as the linear growth of the body is concerned (longitudo
totalis and longitudo corporis), it is best in the first year of life, after
which a rather sudden collapse in growth occurs. Diminution and
equalization of the relative variability for the morphological features were
observed similarly as in the case of other fish, e.g., gudgeon (Skora,
Wlodek 1966, 1969).

In comparison with the results of the works of other authors no great
differences were found. This holds true for the means, for the variability
of the above-mentioned morphological features, and for the meristic
features of the species discussed, which signifies that this is the nominal
form of Alburnus bipunctatus Blo ch.

STRESZCZENIE

Badania oparto na 424 okazach piekielnicy zlowionych przy pomocy agregatu
elektrycznego na prad staly w gérnym Sanie i Dunajcu oraz ich doplywach (tabela I).
W poréownaniu z uklejg badane piekielnice mialy cialo nieco mniej wydluzone
i bardziej wygrzbiecone, z bokow $ciénione, a obydwie szczeki jednakowo rowne.
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tepo zakonczone, $cigte. Otwor ustny koncowy. Przecigcie ust nieco skosne. Pletwa
grzbietowa bardziej przesunieta do przodu; pletwa odbytowa zaczyna sie za koncem
pletwy grzbietowej, a w przodzie jest znacznie wyzsza. Wysoko$¢ ciala miescila sie
w dlugosci ciala od 3,3 do 4,3 razy. Barwa ciala piekielnic nie zawsze byla identyczna.
W przewazajgcej liczbie mialy one ubarwienie grzbietu niebiesko-zielone lub oliw-
kowozielone, a nawet szare. Boki ciala srebrzysto blyszczace. Powyzej i ponizej linii
bocznej biegna dwa szeregi ciemnych plam pigmentu, ujmujgce linie boczng na calej
jej dlugosci jakby podwdjng kreskg. Nad linig boczng wzdluz ciala biegnie smuga
fioletowa z polyskiem zlotawym. Linia boczna, a z nig dwa szeregi pigmentowych
plamek obejmujgcych jg, byla u wiekszosci osobnikow powyginana, a nawet poprze-
rywana.

Piekielnica wystepowala najliczniej w dolnych rejonach krainy pstragga i gérnych
rejonach krainy brzany (ryc. 1, 2). Nie spotykano jej w malych strumieniach, poto-
kach, a nawet mniejszych rzekach o duzych spadkach jednostkowych przekraczaja-
cych warto$é 8%o i o dnie skalistym lub kamienisto-zwirowym. W korycie rzeki prze-
bywa gromadnie, szczegélnie w $rodkowych partiach i w pradzie. Lubi dno zZwirowe
lub piaszezyste i wode przezroczysty. Piekielnica unika woéd zarastajgcych, jak row-
niez duzych glebokich rzek o metnej wodzie.

Przecietna piekielnica lowiona w dorzeczu gérnego Sanu byla $rednio mniejsza
niz piekielnica z dorzecza Dunajca. Wspolezynnik kondycji piekielnicy z dorzecza
Sanu i Dunajca wykazywal! do$¢ niskie warto$ci i w zadnym przypadku nie przekra-
czal jednoéci (tabela II).

Wzrost piekielnicy w poszczegélnych grupach wieku dla obydwu dorzeczy byl
podobny. Najlepszy przyrost w dlugosci ciala piekielnica osigga w pierwszym roku
zycia, p6zniej nastepuje dosé¢ gwaltowne jego zalamanie (tabela III).

W obydwu rozpatrywanych dorzeczach i we wszystkich mierzonych cechach
(tabela IV) istnieje z wiekiem ryb zmniejszanie sie wzglednej zmiennosci (v%). Uwy-
datnia si¢ to zwlaszcza pomiedzy pierwszym a drugim rokiem zycia. U opisanych
populacji piekielnicy istniala duza stabilno§¢ wséréd srednich proporcji ciala nieza-
leznie od wieku ryb. W cechach morfologicznych tulowia wystgpila stabilizacja
zmiennosci (tabela V) bardziej wyraznie niz w cechach morfologicznych dotyczacych
glowy. Populacja piekielnicy z dorzecza Sanu odznaczala si¢ nieco mniejszg zmien-
noécig niz ryby zlowione w dorzeczu Dunajca (tabela VI i VII).

Notuje si¢ pewne réznice w cechach plastycznych piekielnicy pomiedzy poszcze-
goélnymi rzekami czy nawet odcinkami rzek. Réznice te w znacznym stopniu sa
uwarunkowane zmienno$cig indywidualng i troficznoscia poszczegélnych rzek lub ich
odcinkéw (tabela 1X).

Liczbe lusek w linii boeznej, liczbe promieni twardych i miekkich w pletwach,
liczbe wyrostkéw filtracyjnych na zewnetrznej krawedzi pierwszych lukéw skrzelo-
wych i liczbe kregéw w kregoslupach oraz uklady zebéw gardlowych piekielnicy
przedstawiono w tabeli IX i X.

Piekielnica w dorzeczu Sanu i Dunajca trze sie od trzeciej dekady maja do
konca czerwca. Tkre sklada na dnie piaszezystym, zwirowym, a nawet kamienistym,
byle tylko byl odpowiedni przeplyw wody. Najmlodsze piekielnice przystepujace
pierwszy raz do tarla mialy dwa (samce) lub trzy lata (samice).

Podstawowym pokarmem piekielnicy sg zwierzeta bezkregowe oraz ro§liny miz-
sze, natomiast ro$liny wyzsze i zooplankton stanowily raczej pokarm dodatkowy.
a nawet przypadkowy (rye. 3).
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