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Diagnostic features of bream and white bream scales were 
investigated. Bream scales were collected from seven sites and 
white bream ones came from four sites. Both envi:romnental 
conditions and fish growth rate varied in the chosen sites. The 
scales taken from the analysed populations varied in shape, lo­
calisation of the scale nucleus, number of radii on caudal and 
oral fields, and by different ratio between their height &'ld 
width. 

INTRODUCTION 

The first communications concerning scales come from the middle of the 12
ve cen­

truy. The number of papers related to this topic increased significantly in the 19th century, 

developing our present knowledge of the scale structure. This progress enabled not only 

the description of various fish species but also their classification. 

In some of the fish species the characteristic shape and structure of their scales may 

be a background criterion for determination of species. Suslowska and Urbanowicz ( 1984) 

developed a key to determine the scales of cyprinids inhabiting Polish waters. The material 

used in their study originated mainly from L6dzka Height (the Biebrza River basin). 

The aim of the present study was to compare selected diagnostic features of scales of 

the bream and the white bream, representing different bodies of water, with the corre­

sponding data from the literature. The selected sites varied in the fish growth rate and envi­

ronmental conditions. 

Mo rp hology of s c a l es 

Body of bream and white bream is covered ·with cycloid (a type of elasmoid) scales. 

They consist of two layers: thinner ornamented superficial layer-hyalodentine ( or osse­

ous) and internal thicker lamellar layer-isopedine (the basal plate). The external layer is 

acellular and well mineralized (Meunier 1984). The most common kind of ornamentation 
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of this layer are circuli. Further analysis of the circuli under a SEM microscope reveal 

presence of small convexities, sitting on their surface, which are needle-like or more 

rounded in shape. Meunier and Sire (1981) suggested that these small circuli "teeth" may 

serve as a taxonomic feature. The basal plate is a stacking of collagenous fibred layers. In 

one layer, fibrils are parallel to each other (Nagi�c and Murawska 1992). Scales of cyp­

rinids are usually shield-shaped (Fig. 1 ). The scale may be divided into two parts: oral 

(anterior) and caudal (posterior). The oral part sits in a pocket and is oriented towards the 

fish head, and the caudal part is oriented towards the fish tail. Usually the caudal part is 

darker, because it is covered with pigments (Brylmska et al. 1991 ). 

L 

N 

C 

caudal edge 

Suslowska and Urbano­

wicz (1984) distinguish four 

edges of scale: frontal (a), two 

lateral (L) and posterior (p) 

(Fig. 1 ). They claim that the 

frontal edge is the most differ­

entiated. Many modifications of 

the edge shape may be found 

here, as convexities, incisions or 

notches. The ends of the frontal 

edge may form corners, which 

are limits between the frontal 

and lateral edges. The lateral 

edges may be slightly rounded 

or parallel to each other. The 

posterior edge is usually 

archous. Limits between the 

Fig. l. Morphological and diagnostic features of a scale 
I(l)-primary ray; r(2)-secondary ray; N-nucleus; 
A= H1+ H2-height of a scale; D-width of a scale; 
a-anterior edge; c--comer; L-lateral edge; posterior and lateral parts are

p--posterior edge. not always clear. The shape of 

scale edge and the ratio between height (A) and width (D) of scale are fish,.species­

dependent features. The following parts of scale are distinguished in its morphological de­

scription: nucleus, field, radii and circuli. The earliest part of scale is the nucleus-small 

area surrounded by circuli which form annuli ( seasonal increments). It is not always lo­

cated at the geometric centre of the scale. The location of the nucleus is an important diag­

nostic feature. Scale is conventionally divided into several fields placed around the nu­

cleus: front field ( oral), posterior field ( caudal) or dorsal f and ventral f and two lateral 

fields. Primary radii begin at the nucleus, and the secondary ones begin at a certain dis­

tance from the scale nucleus. Both types of radii end at the edge of scale. Their function 
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consist in nourishment of scale and increasing its flexibility (Sire and Meunier 1981). The 

diagnostic features related to radii are the presence of radii on specific fields of scale and the 

ratio between the number of primary radii and secondary ones. 

MATERIAL, METHOD AND STUDY SITE 

Table 1 The material used in 

Characteristics of the collected material this study consisted of scales 

Water body Date Body length 
(cm) 

BrearnAbramis brama (L.) 
Lake Sosno 15 May 1965 14.1-33.0 
Wlodawek Reservoir 22 Mar 1973 24.7-33.4 
Lake Sniardwy 1978 22.3-41.0 
Lake Oleckie Male 25 Jun 1990 7.3-30.0 I 

LakeSunowo 27 Aug 1990 20.2-36.8 
Lake Jemieliste 29 Aug 1990 20.2-36.8 
Lake Laino 17 Mar 1991 25.8-39.0 

White bream Blicca bjoerkna (L.) 
Lake Goslawskie 5 Mar 1971 18.0-25.5 
Vistula Estuary 6 Aug 1974 15.0-21.9 
Wloclawek Reservoir 4 Aug 1982 17.1-26.9 
Lake Bel:dany 26 Sep 1990 15.5-28.4 

Number 
of scales 

50 
50 
50 
50 
50 
50 

250 

30 
45 
45 

288 

of the bream and the white 

bream. Specification of the 

collected material and char­

acteristics of the water bod­

ies is given in Tabs. 1 and 2. 

Scales for systematic pur­

poses were ta..1<.en from the 

first or second row above the 

lateral-line at the middle part 

of fish body, under the dorsal 

fin. All scales were collected 

from the left side of fish 

body. Fish were weighed and their body length (standard length) was measured to the near­

est 1 mm Samples (3-5 scales each) were taken from 10-20 individuals from each analysed 

population. Additional samples were also collected from chosen populations to determine 

the diversity of diagnostic features of scales taken from different body locations. For the 

bream these samples were collected :from Lake Laino population. The scales were taken 

from five locations: near the head, below the dorsal fin, near the caudal :fi...11, stomach area, 

and middle part of body, below the dorsal fin, above the lateral-line (Fig. 2). In the white 

bream these scales were collected from Lake Beldany population in 6 locations shown on 

Fig. 3. Shape of edge was described for each analysed scale. All the scale measurements 

were done to the nearest 0.01 mm. Both the scale height (A) and width (D) were measured. 

Two measurements of height were considered: H1-from the nucleus to the caudal edge, 

and H2-from the nucleus to the oral edge. Number of primary and secondary radii on oral 

field (r0) and caudal field (rp) was counted, and relative values AID-describing scale shape, 

and H1/H2-describing location of the scale nucleus were calculated. If H1 = H2 then the 

nucleus shift factor equals 1, and the nucleus is located in the center of the scale; when the 

shift factor > 1 then the nucleus is located closer to the caudal edge of scale; when s.£ < 1 

then the nucleus is closer to the oral edge. 
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Table2 

Characteristic of the water bodies, from which the collected material originated 

Water body River basin Area Average Fish 
(ha) depth (m) condition 

BreamAbramis brama (L.) 
Lake Pisa-Narew- 11340.4 5.8 good Sniardwy Vistula 
Lake Elk-L�-Biebrza 176.3 9.3 good Sunowo 
Lake Drw�a-Vistula 187.8 4.8 v.goodSos no 
Lake Oleckie Lega-Jegrznia- 220.8 10.3 average Male Elk-Narew 
Lake Czarna Hancza- 58.8 7.5 average Jemieliste Niemen 
Lake Elk-Biebrza- 604.4 5.7 bad Laino Narew-Vistula 
Wlodawek Vistula 7040 5.5 Reservoir 

White breamBlicca bioerkna (L.) 
Wloclawek lvistula Reservoir 
Vistula 
Estuary 
Lake WartaGoslawskie • 
Lake Pisa-Narew-
Bel:danv Vistula 
1 Brylinska 1996; 
2 Brylinska and Zbikowska 1996; 
3 Filuk 1963; 
4 Marciak 1977; 
• Thermally polluted lake;

7040 5.5 

32000 2.3 good 

378.9 1.3 good 

940.0 10.1 bad 

IFI-unpublished data from Inland Fisheries Institute, Olsztyn, Poland .

Fish Source growth 

average IFI 

average IFI

v.good IFI

feeble IFI

average IFI

feeble IFI

good 1 Bierwagen 1973

good 2 Bierwagen 1973 

v. good3 Zmudzinski and
Szarejko 1955 

v. good4 Zdanowski and
Korycka 1976 

feeble IFI 

I 

Mean value (m), standard deviation (SD), and coefficient of variability (V) were cal­

culated for each analysed feature. Relationships between body length (x) and three selected 

features (y), i.e.: scale shape described by AID ratio, location of the nucleus (H1/H2), and 

number of radii on oral and caudal :fields, were determined with correlation factors (both 

linear and multiplicative), according to the formulae: 

where a, b-correlation factors. 

y=ax+b 

y=ax
b 
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Diagnostic features of scales of bream and white bream 

Fig. 2. Places where bream scales were taken for investigations 

A-D-points for individual mutability,

E-point for populations mutability.

Fig. 3. Places where white bream scales were taken for investigations 

A-F-points for individual mutabilitY,

C-point for populations mutability.

RESULTS 

Variability o f  diagnos tic fe atures of s c a l e s  take n from diffe r e nt 

b o dy locations 

9 

Scales ta.ken from near the head (point A) and back area (point B) were smaller than 

the se collected from other locations. Shape of scales from the head area was usually circu­

lar. The nucleus shift factor ranged from 0.9 to 1.7 (Tab. 3). The smallest number of pri­

mary and secondary radii was observed on oral and caudal field s of scales taken from the 

head area. These scales had poorly d eveloped comers and their oral edge was usually un­

dulated. Lateral edges were ar cheous and did not disperse in caudal part. 



Table3 

Variability of diagnostic features of bream scales taken from different body sites 

Point 
Sandard A D 

AID 
H1 H2 

Hi/H2 
lengfu(cm) (mm) (mm)

ra1 ra2 fpJ fp2 
(mm) (mm)

Range 25.8-39.0 7.50-11.59 7.36-12.44 0.90-1.05 0-1 0-3 0-4 8-20 4.15-6.12 2.96-5.47 0.9-1.7 

A 
x 33.0 8.78 9.20 0.95 0.1 0.3 1.4 14.6 4.67 4.10 1.2 

SD 4.09 1.23 1.47 0.06 0.31 0.94 1.07 4.57 0.61 0.71 0.18 

V 12.41 14.07 16.00 6.41 316.23 316.23 76.78 31.34 13.09 17.35 16.21 

Range 25.8-39.0 7.96-10.78 8.41-11.88 0.84-1.00 0-2 0-5 1-4 13-21 4.80-5.67 3.52-5.73 0.9-1.4

B 
x 33.0 9.53 10.21 0.93 0.4 1.3 2.3 16.4 5.07 4.47 1.15 
SD 4.09 0.96 1.14 0.05 0.6 1.4 0.9 3.2 0.51 0.61 0.14 
V 12.41 10.14 11.24 5.74 174.80 109.09 41.25 19.75 10.09 13.70 13.36 

---

Range 25.8-39.0 7.98-13.14 8.01-11.72 0.99-1.12 0-2 0-6 1-4 13-26 4.02-6.97 3.96-6.94 0.85-1.31

C x 33.0 10.9 9.79 1.06 1.0 1.8 2.9 17.8 5.59 5.34 1.08 
SD 4.09 1.56 1.30 0.10 0.81 1.81 0.87 4.7 0.77 1.04 0.16 
V 12.41 14.36 13.30 10.30 81.65 100.75 30.19 26.46 13.77 19.49 14.84 

Range 25.8-39.0 7.98-13.14 7.97-14.92 0.89-1.04 0-2 0-3 1-4 14-26 4.44-6.04 3.62-6.35 1.00-1.27

D x 33.0 10.9 10.89 0.95 0.4 1.0 2.4 19.50 5.55 4.84 1.14 
SD 4.09 1.56 1.91 0.05 0.69 0.81 1.42 4.32 0.75 0.71 0.07 
V 12.41 14.36 17.57 5.70 174.80 81.65 59.58 22.19 13.60 14.66 6.76 

Range 25.8-39.0 8.28-14.37 8.55-15.02 0.91-0.96 0-2 0-3 1-5 11-28 4.31-7.19 3.97-7.18 1.00-1.17

E 
x 33.0 11.30 12.01 0.94 0.2 1.5 2.5 18.3 5.89 5.38 1.0 

SD 4.09 1.67 1.98 0.02 0.42 1.17 1.08 4.76 0.81 0.88 0.05 
V 12.41 14.83 16.50 2.71 210.82 78.57 43.2 26.02 13.77 16.51 4.94 
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Scales taken from the back area (point B) were wide, almost circular. AID ratio 

ranged :from 0.84 to 1.00 (Tab. 3). The mean value of the nucleus shift factor Hi/Hz reached 

1.15 and it was the highest value from among" all the analysed scales from different body 

locations. The scales taken from the back area did not have corners or sometimes one cor­

ner was present. Oral and caudal edges varied from straight line to arch; oral edge was often 

undulated. Lateral edges were archeous, not always dispersing in caudal part. 

Scales taken from the tail area (point C) had characteristic elongate shape. The AID

ratio reached 1.06, which was the highest value observed on bream scales taken from differ­

ent body locations. The nucleus shift factor averaged 1.08. Corners were well developed. 

The oral edge was undulated and lateral ones were straight or slightly archeous. The aver­

age number of pr'lIIlfil"Y and secondary radii on the oral field reached the highest values, in 

comparison to scales from other locations. 

Shape of scales from the stomach area (point D) was more differentiated. Both almost 

circular and wide, short scales were found in this location. The number of secondary radii 

was relatively high (19.5) on caudal field of these scales (Tab. 3). 

Fig. 4. Scale of bream taken from below dorsal fin and 
over lateral line (point E) 

Scales taken from the middle 

part of body (point E) were shield­

shaped. The nucleus was shifted to 

the oral edge or remained in the cen­

tral part of scale (range 0.91-0.96, 

mean0.94). 

The Hi/Hz ratio ranged from 

1.00 to 1.17. Comers were poorly 

developed. The caudal edge had 

shape of flattened arch, oral edge was 

convex or almost flat, slightly undu­

lated. Lateral edges were slightly ar­

cheous, dispersing in the caudal part 

(Fig. 4). 

Va riability of di ag no s t i c  fe atur e s  i n  i n divid u als fr o m  t h e  s am e  

p opulatio n 

Two populations from lakes Sosno and Oleckie Male were investigated. Fish differed 

in body length. Scales were shield-shaped. Height to width ratio ranged from 0.77 to 0.96 in 

Lake Sosno population (Tab. 4), and :from 0.77 to 0.95 :in Lake Oleckie Male population 

(Tab. 5). These scales had convex oral edge, almost flat, sometimes slightly u.ndulated. Lat­

eral edges were slightly archeous. The caudal edge was shaped as a flattened arch. One cor-
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ner was usually better developed. The nucleus was shifted towards the oral edge. H1/H2 ra­

tio in scales originating from Lake Sosno ranged from 1.09 to 1.85 (Tab. 4), and in these 

from Lake Oleckie Male-from 0.90 to 1.57 (Tab. 5). 

I 

x 

SDIV1 

I 

x 

SD 
V 

Variability of diagnostic freatures of bream scales from Lake Sosno population 
(fish growth rate-very good) 

Standard A D H1 Hz length 
(mm) (mm)

AID ra1 ra2 rpl fp2 
(mm) (mm)(cm) 

13.0 3.45 4.48 b.77 0 2 4 6 2.11 1.34 
14.1 4.35 4.85 0.89 0 3 2 8 2.82 1.53 
15.2 5.41 6.38 0.84 0 2 4 

I 
7 3.00 2.41 

18.2 6.50 7.16 0.90 0 
I

3 3 9 3.45 3.05120.0 6.66 7.87 0.84 0 2 4 I 6 3.82 2.84 
28.2 9.94 10.74 0.92 2 1 1 19 5.60 I 4.34

1 28.7 9.68 10.59 0.91 0 ·2 2 20 5.22 4.46 
33.0 12.10 13.36 0.90 0 3 2 21 6.39 5.71 
34.7 12.49 13.29 0.94 2 6 2 22 6.73 5.76 
38.5 12.25 12.72 0.96 0 2 2 22 6.41 5.84 

24.36 8.28 9.14 0.88 0.4 2.6 2.6 14.0 4.55 3.73 
9.37 3.42 3.42 0.05 0.84 1.3 1.0 7.27 1.70 1.73 

38.47 41.35 37.49 6.31 210.82 51.92 41.34 51.95 37.49 46.42 

Table4 

Hi/Hz 

1.58 
1.85 
1.26 
1.11 
1.35 
1.29 
1.17 
1.12 
1.16 
1.09 
1.30 
0.24 

18.61 

Table5 
Variability of diagnostic freatures of bream scales from Lake Oleckie Male population 

(fish growth rate-poor) 

Standard A D H1 Hz length 
(mm) (mm)

AID ra1 ra2 rpl rp2 
(mm) (mm)

Hi/Hz 
(cm) 

7.3 2.00 2.57 0.77 0 0 4 2 1.16 0.84 1.38 
12.0 4.08 4.81 0.85 1 0 2 7 2.29 1.79 1.28 
15.0 4.93 5.29 0.93 3 2 3 4 2.70 2.23 1.21 
17.0 5.65 6.12 0.92 2 1 4 6 3.08 2.57 1.37 
18.1 5.85 7.08 0.82 3 3 5 8 3.57 2.28 1.57 
22.0 7.12 8.00 0.88 4 3 7 11 4.13 2.99 1.40 
25.0 8.00 8.67 0.92 0 2 4 10 4.15 3.85 1.08 
26.2 9.23 10.70 0.86 5 4 17 6 4.84 4.39 1.12 
30.0 11.67 12.30 0.95 2 2 4 9 5.50 6.17 0.90 
32.1 11.86 14.27 0.83 5 4 8 11 6.16 5.70 1.08 

20.47 7.03 7.98 0.87 2.5 2.1 5.7 7.4 3.75 3.28 1.23 
7.98 3.20 3.60 0.05 1.8 1.4 4.3 2.9 1.51 1.72 0.91 

39.03 45.51 45.13 6.57 73.64 69.01 76.27 40.39 40.44 52.43 16.02 

In scales from Lake Sosno there were O to 2 primary and 1-6 secondary radii on the 

oral field; and 1-4 primary and 6-22 secondary radii on the caudal field, respectively. Total 
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number of radii increased with the body length. The highest variability characterised number 

of primary radii on scales from Lake Sosno 01 = 210.82) (Tab. 4). 

Both correlation and regression coefficients, describing relationship between diagnos­
tic features and body length were determined. The correlation coefficients were statistically 

important at the level of a = 0.05 (Tab. 6). These data suggest that the scale nucleus shifts 

from the oral edge towar ds the caudal one, as the fish grows. Number of radii on oral and 

caudal fields also increases with increase in the fish length. These relationships are shown in 

Fig. 5. 

Varia bil ity o f  d ia g n o stic fea t u r e s  o f  s ca l e s  c o l l e c t e d  fro m t h e  

a nalys e d  b r eam p opula ti o n s  

The diagnostic attributes of scales from the seven analysed bream populations are pre­

sented in Tab. 7. The shape of these scales was sinrilar-usually sbield-like. Scale diameter 

was higher than its height. AID ratio amounted from 0.88 (Lake Sosno population) to 0.94 

(Lake Sunowo population). The oral edge was convex or almost flat, often slightly undu­

lated. Lateral edges were archeous, dispersing in the caudal pmi of scale. The caudal edge 

usually resembled flattened arch in shape. Comers were poorly devel oped, usually one of 

them was more pronounced. The nucleus was situated almost in the center of scale (1.02 in 

Lake Sniardwy population) or shifted towards the oral edge (1.32 in Lake Sunowo popula­

tion). 

Coefficient of variability ra.11.ged from 4.67 (Wl:oclawek Reservoir) to 18.61 (La."lce 

Sosno). Lake Sunowo population was characterised by the lowest number of primary (0.1) 

and secondary (0.5) radii on the oral field of scale. The highest number of primary radii 

(5.7) and the lowest number of secondary radii (7.4) on the caudal field was observed in 

Lake Oleckie Male population. The highest number of secondary radii on the caudal field 

was observed in Lake Sniardwy population (22.4). 

White bream 

Va ria b i lity o f  dia g n o s tic a t t rib ut e s  o f  w h i t e  b r ea m  s ca l e s  si t ua t e d  

o n  diffe r e n t  b o dy l o ca tio n s

Scales taken from different body locations varied significant ly. Variability of the diag­

nostic attributes oflake Beldany whit e bream population is shown in Tab. 8. 

Scales collected just behind the head, over the lateral-line (point A) were oval-shaped. 

There were no notches in oral edge or comers at the limits between oral and lateral edges 

(Fig. 6). The nucleus was shifted towards the oral edge (H1/l:{i = 0.552). Similarly, in scales 

taken from point B--behind the head but below the lateral-line, the nucleus was shifted to­

wards the oral edge (H1rH2 = 0.531). In these scales notches were more pronounced, also 
comers were wel l visible (Fig. 7). 
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of bream 



Table6 

Correlation (r) and regression (a, b) coefficients, describing the relationships between the selected diagnostic features 
of bream scales and fish standard length. in two of the investigated populations 

Population n Hi/H2 
r a 

Lake 50 I --0.748Jx) 3.4307 
Sosno 
Lake Oleckie 50 1 --0.605x) 2.283 
Male 

n-number of scales;
r..-number ofradii on the anterior field;
t

p
-number of radii on the posterior field;

H1/H:r-location of the scale nucleus; 
x)_r significant on level P = 0.05; 
1-y=axb 

2-y=ax+b

b 

--0.3152 1 

--0.2138 2 

Diagnostic features 
fa fo 

r a b r a b 

0.3490x) 0.8427 0.3732 1 0.9360x) 0.5623 1.0559 

0.6743x) 0.2675 --0.8754 1 o.s529x) 1.1025 0.8149 
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Fig. 6. Scale of white bream taken from above the 
lateral-line near head (point A) 

Fig. 7. Scale of white bream taken from above the 
lateral-line under dorsal fin (point C) 

The nucleus in scales taken 

from points C and E was situated 

closest to the centre of scale. Mean 

values ofHi/H2 ratio were C--0.794 

and E--0.861. 

By comparison of the ND ra­

tio among scales taken from points 

B-F (0.97-1.07) it may be observed

that scales elongate from the head

towards the tail. Scales taken from

point C 1'.ad clearly visible corners

and notches in the oral edge. Analy­

sis of the number of radii on oral and

caudal fields shows increase in num­

ber of radii on the oral field in direc­

tion from head to tail. In scales col­

lected at points A and B Gust behind

the head) there were no radii on the

oral field, and the secondary radii

occurred sporadically (0-1). On the

caudal field the secondary radii were

much more abundant (2-15). The

highest number of radii on the oral

field was recorded in scales collected

at points closest to the tail-E and F

(Tab. 8). The highest differences re­

corded in the value of coefficient of

variability concerning the number of

secondary radii on the oral field

(from 27.52 to 346.4).



Table7 

Diagnostic features of scales collected from the analysed bream populations 

Population Standard A D 
ND 

H1 H2 H1/H2 length(cm) (mm) (mm)
ra1 ra2 fpJ fp2 

(mm) (mm)
x 38.65 14.16 15.10 0.93 0.70 2.20 2.40 22.40 7.14 7.01 1.02 

Lake Sniardwy SD 2.40 1.00 1.41 0.03 0.82 1.13 0.84 8.58 0.58 0.55 0.07 

V 6.22 7.07 9.36 3.39 117.6 51.6 35.14 38.30 8.09 7.81 6.87 

x 34.62 11.01 11.64 0.94 0.10 0.50 2.20 16.80 6.23 4.78 1.32 

Lake Sunowo SD 2.56 0.78 0.85 0.02 0.31 0.70 1.39 7.49 0.54 0.53 0.13 

V 7.40 7.14 7.31 2.64 316.23 141.42 63.56 44.61 8.74 11.67 10.59 

x 24.3 8.28 9.14 0.88 0.4 2.6 2.6 14.0 4.55 3.27 1.30 

Lake Sosno SD 9.4 3.42 3.42 0.05 0.84 1.34 1.07 7.27 1.70 1.73 0.24 

V 38.47 41.35 37.49 6.31 210.82 51.92 41.34 51.95 37.49 46.42' 18.61 

Lake Oleckie x 20.47 7.03 7.98 0.87 2.5 2.1 5.7 7.4 3.75 3.28 1.23 

Male SD 7.98 3.20 3.60 0.05 1.84 1.44 4.34 2.98 1.51 1.72 0.19 

V 39.03 45.51 45.13 6.57 73.64 69.01 76.27 40.39 40.44 52.43 16.02 

x 32.31 10.39 11.36 0.90 0.30 0.90 2.20 15.10 5.64 4.72 1.28 

Lake Jermieliste SD 4.24 1.17 1.32 0.04 0.48 0.73 1.37 2.64 0.59 0.64 0.12 

V 13.14 11.26 11.68 5.50 161.02 81.98 67.08 17.51 10.58 13.65 10.74 

x 33.0 11.30 12.02 0.90 0.20 1.50 2.50 18.30 5.89 5.38 1.09 

LakeHasno SD 4.09 1.67 1.98 0.01 0.42 0.17 1.08 4.76 0.81 0.89 0.05 

V 12.41 14.83 16.50 2.41 210.82 78.57 43.20 26.02 16.51 16.51 4.94 

Wloclawek x 29.70 9.90 11.08 0.89 0.70 2.70 2.20 17.40 5.25 4.64 1.15 

Reservoir SD 2.15 2.15 0.97 0.07 0.82 1.57 0.63 3.65 0.61 0.43 0.05 

V 7.23 10.37 8.76 8.14 117.61 58.04 28.75 21.02 11.64 9.20 4.67 



Table8 

Variability of diagnostic features of white bream scales rom Lake Bel:dany population, taken from different body locations 

Point Standard H1 H2 H1/H2 
A D 

AID 
length(cm) (mm) (mm)

fa! r a2 rp1 f p2 
(mm) (mm)

Range 15.5-28.4 1.95-3.59 0.87-2.29 0.4-0.64 0.00 0-1 0-4 2-15 2.86-5.88 2.51-5.61 0.87-1.0 

A x 20.183 2.722 1.434 0.522 0.00 0.083 2.167 5.750 4.157 4.159 0.99 
SD 4.862 0.623 0.449 0.081 0.00 0.289 0.937 3.334 1.040 0.903 0.07 
V 24.09 22.90 31.31 15.59 - 346.4 43.27 57.98 25.01 21.72 7.95 

Range 15.5-28.4 2.51-5.19 1.16-3.07 0.35-0.67 0.00 0-1 1-3 1-9 3.84-8.13 4.07-8.29 0.89-1.0 

B 
x 20.183 3.546 1.906 0.531 0.00 0.333 2.333 4.000 5.452 5.598 0.968 
SD 4.862 0.995 0.718 0.091 0.00 0.492 0.779 2.796 1.678 1.586 0.04 
V 24.09 28.06 37.70 17.22 - 147.7 33.36 69.90 30.77 28.32 4.30 

Range 15.5-28.4 2.59-5.27 1.88-4.23 0.65--0.87 0-2 0-4 2-4 1-12 4.53-9.5 4.85-9.49 0.9-1.0 

C x 20.183 3.441 2.750 0.794 0.750 2.083 2.750 4.667 6.323 6.519 0.96 
SD 4.862 0.945 0.868 0.071 0.754 1.564 1.055 3.367 1.758 1.723 0.07 
V 24.09 27.46 31.58 8.96 100.5 75.09 38.37 72.14 27.80 26.42 8.11 

Range 15.5-28.4 2.57-5.8 1.52-4.31 0.55--0.84 0-2 0-3 2-4 3-15 4.3-9.53 4.51-9.26 0.9-1.0 

D x 20.183 3.673 2.602 0.702 0.667 1.583 3.333 7.083 6.275 6.401 0.97 
SD 4.862 1.170 0.978 0.081 0.651 1.165 0.651 3.605 2.121 1.897 0.04 
V 24.09 31.86 37.61 11.61 97.70 73.55 19.54 50.89 33.80 29.64 5.00 

Range 15.5-28.4 2.61-5.51 1.81-4.64 0.62-1.13 1-6 4-8 2-5 2-14 4.74-10.07 4.53-9.3 0.97-1.0 

E 
x 20.183 3.651 3.128 0.861 2.250 6.000 4.250 4.667 6.773 6.448 1.04 

SD 4.862 1.081 0.961 0.129 1.357 1.651 0.965 3.525 1.989 1.653 0.05 
V 24.09 29.61 30.73 14.96 60.30 27.52 22.71 75.53 29.37 25.64 5.27 

Range 15.5-28.4 2.49-6.22 1.28-4.17 0.46-0.83 0-3 3-9 3-6 2-15 4.07-9.72 4.00-8.39 0.93-1.0 

F 
x 19.740 3.592 2.349 0.667 1.60 4.70 4.70 6.50 5.939 5.471 1.07 

SD 5.226 1.254 0.760 0.116 0.966 1.889 0.823 4.673 1.925 1.365 0.08 
V 26.48 34.91 32.36 17.46 60.38 40.18 17.52 71.89 32.42 24.95 8.27 



Table9 

Diagnostic foatures of scales collected from the, analysed white bream populations 
-

Population Standard H1 H2 H1/H2 
A D 

AID 
length(cm) (mm) (mm)

r.1 r a2 f pJ r p2 
(mm) (mm)

Range 17.1-26.9 3.51-7.91 4.25-7.16 0.88-1.21 0-3 1-9 2-5 1-17 8.15-14.4 8.5-13.31 0.87-1.0 
Wloclawek x 22.06 5.61 5.58 1.00 1.60 4.13 3.47 7.53 11.18 10.91 1.02 
Reservoir SD 3.73 1.27 0.95 0.14 0.74 2.13 0.99 4.88 2.10 1.71 0.06 

V 16.91 22.67 17.11 13.96 46.05 51.62 28.57 64.81 18.80 15.69 6.34 

Range 15.0-21.9 3.21-6.05 2.86-5.35 0.88-1.26 0-3 1-7 2--5 3-29 6.1-11.2 6.27-12.56 0.86-1.0 
Vistula x 19.27 4.82 4.55 1.06 1.07 4.60 3.13 15.47 9.34 10.01 0.92 
Estuary SD 2.05 0.82 0.73 0.12 0.80 2.32 0.99 9.26 1.47 1.80 0.05 

V 10.66 17.02 16.00 11.02 74.89 50.52 31.61 59.85 15.59 17.95 4.94 
----

Range 18.0-25.5 4.49-6.24 4.53-6.69 0.87-1.1 0-3 1--4 2-5 5-14 9.02-12.9 7.64-12.87 0.95-1.0 
Lake x 23.50 5.77 6.05 0.95 1.40 2.60 3.70 11.50 11.83 11.47. 1.04 
Gosfawskie �D 2.08 0.62 0.66 0.07 0.84 0.97 0.82 2.88 1.21 1.49 0.06 

V 8.86 10.75 10.86 6.98 60.23 37.16 22.25 25.02 10.23 13.02 5.99 

Range 15.5-28.4 2.59-5.27 1.88--4.23 l.14-1.54 0-2 0--4 2--4 1-12 4.53-9.5 4.85-9.49 0.9-1.0 
Lake x 20.183 3.44 2.75 1.27 0.75 2.08 2.75 4.67 6.32 6.52 0.97 
Beldany SD 4.86 0.94 0.87 0.12 0.75 1.56 1.06 3.37 1.76 1.72 0.08 

V 24.09 27.46 31.58 9.42 100.5 75.09 38.37 72.14 27.80 26.42 8.11 
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Va r i a b ilit y o f  t h e  d i a g no stic featu r e s  o f  s c a le s  from a nalys e d  

w h it e  b rea m p-0p u l a t i o ns 

Scales for analysis of the variability ofjhe diagnostic features were taken from point C 

(above the lateral-line, under the dorsal fin). Scales had pronounced notches in the oral edge 

and comers at the limit between oral and lateral edges. The diagnostic fea tures of the inves­

tigated white bream populations are shown in Ta b. 9. The highest variability was recorded 

in the number ofradii on oral (37.16-100.5) and caudal (22.25-72.14) fields. Coefficient of 

variability, defined by the Hi/Hz ratio ranged from 6.98 to 13.96 and for the AID ratio 

r anged from 4.94 to 8.11. The diagnostic attributes w ere described for individuals of differ­

ent body length-to find possible relationship between the variability of these features and 

the fish length. The calculated correlation coefficients are presented in Tab. 10. There was 

no correlation between body length and AID ratio. Clear relationship was found between 

body length and location of the scale nucleus. There is a clear tendency-as the fish grows 

the scale nucleus shifts towards the caudal edge. This phenomenon was observed in scales 

collected from populations inhabiting Lake Beldany, Lake Goslawskie and Vistula Estuary. 

The number of radii on oral and caudal fields increased together with increase in the body 

length. 
Table 10 

Correlation coefficients (r), describing the relationship between the selected features 
of white bream scales and fish standard length in four of the investigated populations 

Population 

Wloclawek 
Reservoir 
Vis tu la 
Estuary 
Lake 
Goslawskie 
Lake 
Beldany 

1-y = a+bx, 
2-y = a+ bX 

I 

n 

24 

30 

30 

30 

H1/H2 
r 

1 0.2052 
2 0.1803 
1 0.1039 
2 0.0748 
1 0.1367 
2 0.1520 
1 0.3223 
2 0.3043 

r-not significant on level P = 0.05.

Diagnostic features 
Ta Tn 

n r n r 

24 0.1546 12 0.2919 
0.2133 0.2735 

30 0.3154 15 0.1794 
0.2939 0.1513 

30 15 Q.400
0.0762

30 0.1300 15 0.4573
0.2573 0.3671
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Va r i abi li t y  o f  d i a g n o s ti c  feat u r e s  of w hi t e  b r e a m  s c a l e s  c o l l e c t e d  
fr o m  di ffe r e n t  p o p u l a ti o n s  

Scales were taken at point C-below the d?rsal fin, above the lat eral-line. Their shape 
was shield-like. The oral edge had notches. Comers were well marked, and lateral edges 
slightly convex. The caudal edge was also a bit convex. The mean value of the height to 
length ratio (AID) ranged from 0.92 (Vistula Estuary) to 1.04 (Lake Goslawskie) (Tab. 9). 
The shape of these scales was similar to a square with irregular edges. Location of the nu­
cleus, expressed as H1/H2 ratio, was central (0.95-1.06) in three analysed populations origi­
nating from Wloclawek Reservoir, Vistula Estuary and Lake Goslawskie. Only in the case 
of Lake Beldany population the centrum was shifted towards the oral edge (H1/H2 = 1.27). 
In this population the lowest mean value of the nw11ber of radii on caudal and or al :fields 
was recorded. Scales collected from individuals belonging to this population were also 
clearly smaller from these originat ing from other populations: D = 6.52; A = 6.32 (Tab. 9). 
The range and mean values of body length measurements do not explain these significant 
differences. Environmental conditions in Lake Behl.any indicate that these differences in the 
results of scales measurements may be caused by poor growth of white bream populat ion in 
this lake. However, as the number of analysed individuals from Lake Beldany was low, 
these results should be treated carefully--or as a notice. 

DISCUSSION 

Scales taken from different body locations varied in shape, size, and number of radii. 
These data confirm results given by Oliva (1952). Scales from different parts of fish body 
are worthless as a diagnostic tool. Oliva examined scales of bream and white bream, taken 
from different parts of body. The fore mentioned author claims that only typical scales 
should be taken for :further !l.nalysis. They should be collected from the middle part of body, 
below or above the lateral-line. In this study scales for comparative studies were collected 
from the middle offish body, above the lateral-line. The description of the shape of bream 
and white bream scales agrees with that given by Suslowska and Urbanowicz (1984). Those 
scales were shield-shaped. In the scales of bream from Biebrza River basin their diameter 
was higher than their height. The nucleus in analysed bream scales was clearly shifted to­
wards the oral edge of scale, or located almost in the centre of the scale. The results 
achieved by Galkin (1955) from waters of the Soviet Union and Oliva (1952) from the 
Wel:tawa River are very similar (Tab. 11) for\populations of comparable range offish body 
length. 

In the analysed white bream populations the centrum was usually located in the centre 
of the scale ( except Lake Beldany populat ion, which is characterised by poor growth). The 
same characteristics of white bream scales is given by Movcan and Smirnov (1983), and 
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Suslowska and Urbanowicz (1984). The height to width ratio (AID) both in the analysed 

populations as well as in data collected from other waters, given in the cited literature, were 

also very similar (Tab. 12), as far as fish of comparable size are considered. 

According to Suslowska and Urbanowicz (1984) the presence ofradii on certain scale 

fields is a diagnostic feature. They claim that in some cases a fish species may be determined 

on this basis. Oliva (1952) claims that the number of radii cannot be used as a taxonomic 

feature. That author gives much wider range of the number of radii on the oral and caudal 

fields in bream and white bream than Hensel (1978) or Suslowska and Urbanowicz (1984). 

The results obtained in present study confirm high variability of this feature. In the analysed 

bream and white bream scales, small number of secondary radii on the caudal field is evident 

in populations characterised by poor growth (Lake Oleckie Male-7.4, Tab. 7, and Lake 

Beldany-4.67, Tab. 9). Number of radii varies both within a population as well as between 

different populations. Therefore, this feature (number of radii) may only serve as an addi­

tional information, because of high individual, intra- and inter-populational variability. 

CONCLUSIONS 

1. Scales located on various points of the bream ar1d white bream body varied in shape. The

shape of bream and white bream scales collected from the middle part of fish body was

shield-like.

2. The nucleus of the bream scale was shifted towards the oral edge or remained in the

central part of the scale. The scale diameter was higher than its height. Shape of these

scales resembled rectangle with base longer than its height.

3. The scale nucleus in the bream and white bream migrates as the fish grow. This tendency

makes difficult defining the differences between these two species.

4. As the diagnostic attributes may serve: scale shape, scale height to width ratio, and with

certain restrictions location of the scale nucleus. The number of radii on oral and caudal

fields can not be a taxonomic feature, because of its too high individual, intra- and inter­

populational variability. This feature may be only an additional information.



Table 11 

Comparison of investigated diagnostic features of bream scales with data obtained by the other authors 

Diagnostic 
features 

A(mm) 

D(mm) 
AID 

H1(mm) 
H2(mm) 

Hi/H2 

fa 
fp 

Standard length ( cm) 

Investigated populations 

Present study 

x SD x SD 
7.03 (3.20)-14.16 (1.00) 
7.98 (3.60)-15.10 (1.41) 
0.87 (0.05)-0.94 (0.04) 
3.75 (1.51)-7.14 (0.58) 
3.27 (1.73)-7.01 (0.55) 
1.02 (0.07)-1.32 (0.13) 
0.1 (0.31)-2. 70 (1.57) 
2.2 (1.39)-22.40 (8.58) 

20.47-38.65 

SD-standard deviation 1 
r.1-primary radii on apical field 

1 

r.z-secondary radii on apical field,
*)--radii not numerous

W cltawa River 

Oliva (1952) 

x 

11.20 
9.26 
1.20 

Range 
4-17

22-23
24.6

Reservoirs from Dunaj River Biebrza river 
Soviet Union basin 

Suslowska and 
Galkin (195:5) Hensel (1978) Urbanowicz 

(1984) 
x r.1 ra2 

14.0 
15.5 
0.90 

Range 
0-26 1-3 *) 
6-49 30 

48.5 
. 



Table 12 

Comparison of investigated diagnostic features of white bream scales with data obtained by other authors 

Investigated populations 

Diagnostic 
features Present study 

x SD x SD 
A(mm) 6.32 (1.76)-11.16 (2.10) 
D (mm) 6.52 (1.72)-11.47 (1.49) 
AID ------- 0.92 (0.05)-1.04 (0.06) 
H1 (mm) 3.44 (0.94)-5.77 (0.62) 
H2(mm) 2.75 (0.87)-6.05 (0.66) 
H1/H2 0.95 (0.07)-1.06 (0.12) 
ra 0.75 (0.75)-4.60 (2.32) 
fp 2.75 (1.06)-15.47 (9.26) 
Standard lenro;h (cm) 19.27-23.5 

SO-standard deviation, 
ra1-primary radii on apical field, 
r,a--secondary radii on apical field , 
*)-radii not numerous 

**)-radii very variable. 

Weltawa River 

Oliva (1952) 

x 

13.00 
12.40 
1.04 

Range 
0--12 

17-21
22.2

Reservoirs from Dunaj River 
Biebrza river 

Soviet Union basin 
Suslowska and 

Galkin (1955) Hensel (1978) Urbanowicz 
(1984) 

x ra1 ra2 

10.5 
10.0 
1.05 

Range 1.0 
1-5 0--3 *) 
7-16 2-6 **) 

24.5 
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Magdalena TADAJEWSKA. JacekZBIKOWSKI, Marek LASKOWSKI 

CECHY DIAGNOSTYCZNE LUSEK LESZCZAABRAMIS BRAMA (L.) 
IKR}\PIABLICCA BJOERKNA (L.) 

STRESZCZENIE 

Analizowanym materialem byly luski leszcza i krllJ)ia. Celem_badan bylo por6wnanie cech dia­
gnostycznych lusek ryb pochodzq_cych ze zbiornik6w o r6znym tempie wzrostu i r6znych warunkach 
srodowiska.z danymi. literaturowymi. LuskiJeszcza zebrano z 7 zbiornik6w, a kr�ia z 4 zbiorni­
k6w. Okreslano ksztaJ:t luski, mierzono jej wysciki)sc (A) i szerokosc (D), obliczano promienie pier­
wotne i wt6rne w pofu orafuym (rJ ikaudainym (r

p
) oraz okreslano pofozenie centrum Iuski (Hi/H2). 

Szukano zrniennosci cech diagnostycznych lusek obu gatunk6w, pobranych z kilku miejsc ciala jed­
nego osobnika, poszczeg61nych osobnik6w jednej populacji r6zniii.cych si1,1 dlugosciii. ciala oraz kilku 
populacji zamieszkuj<1.cych r6zne zbiorniki wodne. Luski pobrane z r6znych miejsc ciala leszcza 
(Tab. 3) i krwia (Tab. 8) charakteryzowaly si1,1 dui;&. zmiennosci<t ksztaltu. Ksztah tarczowaty mialy 
luski pochodz>i.ce ze srodkowej CZ!,lSCi ciala. Te wyniki por6wnano z danymi literaturowymi (Tab. 11 
i 12).Cechami taksonomicznymi mog<1. bye: ksztah luski, polozenie centrum i wskaznik wysokosci 
luski do jej szerokosci. Liczba promieni w polu oralnym i kaudalnym moze bye tylko informacj<1. 
dodatkowll, gdyz charakteryzuje si1,1 zbyt duz[l zrniennosci<t osobniczll, populacyjn<t i mi1,1dzypopula­
cyjllil, 
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