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Background. A wide range of morphological anomalies, including abnormalities in scale shape and structure, 
have been described from a large number of fi sh species worldwide. Quite often, such reports linked the observed 
abnormalities to the quality of aquatic environment. The presently reported study was initiated to explore and categorize 
the abnormalities found in the scales of seven freshwater fi sh species of Czech Republic: Ctenopharyngodon idella 
(Valenciennes, 1844); Gymnocephalus cernua (Linnaeus, 1758); Hypophthalmichthys molitrix (Valenciennes, 1844); 
Hypophthalmichthys nobilis (Richardson, 1845); Leuciscus idus (Linnaeus, 1758); Perca fl uviatilis Linnaeus, 1758; 
and Sander lucioperca (Linnaeus, 1758). The observed abnormalities are discussed in the context of contaminated 
aquatic environments with the intention to understand the aetiology of the abnormalities
Materials and methods. Samples were collected at 3 sites (ponds) in the Czech Republic. In total, 10 200 scales 
were collected, cleared in 1% potassium hydroxide, and observed under a light microscope. Four variables were 
measured for each scale: anterior–posterior length (major axis, MAA), dorsal–ventral length (minor axis, MIA), 
diameter of the focus in the centre of the scale, number of radial lines (radii) starting from near focus, and the ratio 
of major to minor axes were calculated as a measure of scale shape. 
Results. The anomalous scales, 63 in total, were collected from ten different body regions in seven species 
studied. They exhibited different shapes and sizes: 30 scales showed severe anomalies and 33 only slight ones. 
Based on the MAA : MIA ratio, the majority of the scales examined had a narrow to rectangular or broad to 
squarish shape. Elongated scales were only obtained from H. molitrix, H. nobilis, and C. idella. There were one 
square-shaped and 8 rectangular-shaped scales in G. cernua, 3 and 6 in P. fl uviatilis, and 2 and 1 in S. lucioperca 
Conclusions. The presently reported cases of fi sh scale abnormalities should direct the future work on the relations 
between the state of the environment and fi sh health. Another interesting question to answer would be to determine 
whether or not the removal of abnormal scales would lead to replacement by either normal or abnormal scales. 
Keywords: fi sh, scale abnormality, adverse environment, Cyprinidae, Percidae 
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INTRODUCTION
The freshwater ichthyofauna of the Czech Republic 

consists of 63 species, belonging to 16 families (Hanel 
2003), and including at least 14 invasive species (Lusk 
et al. 2010a, 2010b). In our study we focused on seven 
fi sh species: the grass carp, Ctenopharyngodon idella 
(Valenciennes, 1844); the ruffe, Gymnocephalus cernua 

(Linnaeus, 1758); the silver carp, Hypophthalmichthys 
molitrix (Valenciennes, 1844); the bighead carp, 
Hypophthalmichthys nobilis (Richardson, 1845); the 
ide, Leuciscus idus (Linnaeus, 1758); the European 
perch, Perca fl uviatilis Linnaeus, 1758; and the pike-
perch, Sander lucioperca (Linnaeus, 1758). Among the 
investigated species, three cyprinid species (silver carp, 
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bighead carp, and grass carp) are non-native to Europe, 
while a cyprinid species—ide, and three percid species 
(ruffe, European perch, and pike-perch) are native to 
Europe. 

An important indicator of the effects of aquatic 
habitat degradation and pollution on fishes is a change 
in the occurrence of diseases and deformities in exposed 
populations (Sindermann 1979). In order to understand 
the aetiology of the abnormalities and how they vary with 
specific environmental and genetic factors, a suffi ciently 
detailed description of specific abnormalities is required 
(Sun et al. 2009).

Fishes taken from contaminated waters may show 
morphological, histopathological, cellular, biochemical, 
organismic, or parasitic types of abnormalities that have 
been used as biomarkers of contamination (Sindermann 
1979, Parente et al. 2004, Guilherme et al. 2008, Sun et al. 
2009). A wide range of morphological anomalies has been 
described in a large number of fi sh species (Divanach et 
al. 1996, Jawad 2014, Jawad and Ibrahim 2014, Tyler et al. 
2014, Jawad and Liu 2015), most of which have at some 
point been used for the assessment of contaminated aquatic 
environments. Compared with other types of biomarkers, 
externally visible morphological deformities are easy 
to recognize. They are, therefore, one of the quickest 
methods to assess the geographic scale of contaminations 
(Sun et al. 2009) in both fresh- or previously collected and 
preserved samples (Bengtsson et al. 1979). 

Numerous authors (Blair 1942, Yamada 1961, Fouda 
1979, Sire 1986, Bereiter-Han and Zylberberg 1993) have 
reported on the anatomy and developmental patterns of 
fi sh scales and on the relation between scale morphology, 
and genetic and environmental factors. Scale deformities 
have also been described in many fi sh species, e.g., the 
wavyband sole, Pseudaesopia japonica (Bleeker, 1866) 
(see Taki 1938); the red drum, Sciaenops ocellatus 
(Linnaeus, 1766) (see Günther 1941, 1945, 1948); the 
coitor croaker, Johnius coitor (Hamilton, 1822) (see 
Mookerjee 1948); the pinfi sh, Lagodon rhomboides 
(Linnaeus, 1766) (see Corrales et al. 2000); the Nile 
tilapia, Oreochromis niloticus (Linnaeus, 1758) (see 
Jawad 2005a); the Arabian shabout, Arabibarbus arabicus 
(Trewavas, 1941); Carasobarbus exulatus (Banister et 
Clarke, 1977); the Nile carp, Labeo niloticus (Linnaeus, 
1758); and the Nile perch, Lates niloticus (Linnaeus, 
1758) (see Jawad 2005b); Tripterygiidae (Jawad 2005a); 
Forsterygion capito (Jenyns, 1842) (see Jawad 2008);  the 
greater lizardfi sh, Saurida tumbil (Bloch, 1795) (scales 
with curved sides, twin scales and anomalous circuli) (see 
Jawad and Al-Jufaili 2007); and the rohu, Labeo rohita 
(Hamilton, 1822) (see Jawad and Al-Mamry 2011). Our 
presently reported study, as earlier mentioned, covered 
seven freshwater fi sh species, economically important in 
central Europe. Moreover, no studies on scale anomalies 
of fi shes from the Czech Republic have been published. 
Therefore, this is the fi rst report on the subject for this 
country, describing a total of 63 cases of scale deformities 
in seven species of fi sh.

MATERIALS AND METHODS
Samples were collected at 3 sites (ponds) in the Czech 

Republic: Vrkoč (48.933°N, 16.557°E) (Hypophthalmichthys 
molitrix, Hypophthalmichthys nobilis, Ctenopharyngodon 
idella, Leuciscus idus), Svět (48.994°N, 14.750°E) 
(Sander lucioperca), and Opatovický (48.982°N, 14.769°E) 
(Gymnocephalus cernua, Perca fl uviatilis) during the 
period from 24 April to 16 October 2014. The specimens 
were collected with a seine net. Total length (TL) was 
measured to the nearest 0.1 mm from the anterior tip of 
the snout to the end of the pinched caudal fi n. Scales from 
10 specimens per species were examined: H. molitrix 
(250), H. nobilis (340), C. idella (234), L. idus (243), 
G. cernua (210), P. fl uviatilis (215), and S. lucioperca 
(220). ANOVA tests were used to compare measurements 
of normal scales with those of anomalous scales from 
the same body regions (Table 1). Scales were observed 
through light microscopy following the methods of Takagi 
(1953), Roberts (1993), Lippitsch (1993), Kuusipalo 
(1998, 2000), Jawad (2005a, 2005b) and Jawad and Al-
Jufaili (2007). For the purpose of this study, the fish body 
was divided into eight regions (Fig. 1). In addition, scales 
from anterior-, middle-, and posterior parts of the lateral 
line were sampled to study their variation in shape and 
size (Fig. 2). In total, 10 200 scales were removed with 
a forceps from each region of the left side of a specimen 
and then cleared in a solution of 1% potassium hydroxide. 
The number of abnormal scales ranged from 4 to 6 in each 
region. Remaining adhering tissue was removed under a 
dissecting microscope. Scales were stained with Alizarin 
Red S for 2–3 days and afterwards mounted between glass 
slides. Four variables were measured for each scale: the 
anterior–posterior length (major axis, MAA), the dorsal–
ventral length (minor axis, MIA), the diameter of the 
focus in the centre of the scale, and the number of radial 
lines (radii) starting near the focus. The ratio of major to 
minor axes was calculated as a measure of the scale shape. 
A scale was considered square-shape when MAA : MIA = 
1; an elongated or tall one when MAA : MIA > 1; and a 
rectangular or broad one when MAA : MIA < 1. In this 
study, abnormal scales were considered common when 
obtained from three or more specimens, otherwise they 
were regarded as uncommon. The age of the specimens 
was determined by counting the annuli on the scales under 
light microscope. Analysis of variance was applied to 
differentiate between normal and abnormal scales.

Fig. 1. Areas where scales were removed from left side of 
fi sh; The fi sh image—courtesy of Lenka Vybíralová, 
Praha, Czech Republic 
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Fig. 2. Three areas where scales of lateral line were removed 
from the left side of fi sh; The fi sh image—courtesy of 
Lenka Vybíralová, Praha, Czech Republic

RESULTS
The age of the specimens varied between 1 and 4+. 

Specifi cally, the age of Gymnocephalus cernua ranged 
from 1+ to 2+, that of Sander lucioperca—from 1+ to 3, 
that of Hypophthalmichthys molitrix—from 2+ to 3+, that 
of Leuciscus idus—3–4, and the age of Ctenopharyngodon 
idella and Hypophthalmichthys nobilis—from 3 to 3+ years 

and Perca fl uviatilis 2+ to 3+. Of the 63 abnormal scales 
examined, severe and slight abnormalities were found in a 
total of 30 and 33 scales, respectively. The anomalous scales 
were collected from 1–10 body regions. The frequency 
distribution of abnormal scales among species was as 
follows: H. nobilis, 7; C. idella, 1; G. cernua, 18; H. molitrix, 
2; L. idus, 1; P. fl uviatilis, 26; and S. lucioperca, 7. Perca 
fl uviatilis exhibited the highest number of both slightly and 
severely abnormal scales. Abnormal lateral line scales were 
observed in H. molitrix (1), H. nobilis (4), and P. fl uviatilis 
(1) (Table 2). Analysis of variance showed that the 
morphometrics differed between the normal and abnormal 
scales obtained from the species studied (P < 0.001). 

Based on the MAA : MIA ratio, the majority of the 
scales examined had a narrow to rectangular or broad to 
squarish shape. Elongated scales were only obtained from 
H. molitrix, H. nobilis, and C. idella. There were: 1 square-
shaped and 8 rectangular-shaped scales in G. cernua, 3 
and 6 in P. fl uviatilis, and 2 and 1 in S. lucioperca (Fig. 3). 

Four fi elds were recognized in the scales of the seven 
fi sh species studied: one rostral, two lateral, and one 
caudal. Scale dimensions, total scale width, and anterior 

Table 1
Biodata of normal scales from seven freshwater fi sh species collected from Ponds Vrkoč, Svět, and Opatovický, 

Czech Republic

Species Range fi sh 
length [mm]

Fish body 
region MAA MIA MAA : MIA Range of No. of 

radial lines
Hypophthalmichthys nobilis 442.3–447.2 R5 0.6–0.7 0.5–0.6 1.3–2.9 2/1–3/2

442.3–447.2 R6 0.5–0.6 0.4–0.45 1.4–1.5 3/5–4/6
442.3–447.2 R7 0.6–0.8 0.5–0.7 1.1–1.2 3/1–4/2

R9 0.7–0.85 0.5–0.7 1.2–1.3 0
R10 0.6–0.8 0.5–0.7 1.1–1.2 0

Ctenopharyngodon idella 200.9–285.1 R5 10.2–12.5 7.8–9.2 1.2–1.3 5/3–7/4
Gymnocephalus cernua 109.7–114.5 R1 1.5–1.9 1.4–1.7 1.2–1.3 7/1–9/3

R2 2.4–2.9 2.7–2.8 0.9–1.1 7/1–9/2
R4 1.7–2.0 1.7–1.9 1.0–2.1 7/2–9/4
R5 2.7–2.9 2.8–3.0 0.9–1.2 8/3–9/5
R6 1.6–1.8 1.2–1.6 1.4–1.5 7/2–9/4
R7 2.3–2.6 2.4–2.8 1.1–1.2 8/3–9/5
R8 1.9–2.1 1.8–2.0 1.1–1.3 9/3–9/5

Hypophthalmichthys  molitrix 383.8–411.3 R3 7.7–8.2 5.6–6.3 1.3–1.4 1/2–3/2
R9 9.4–10.2 5.0–7.4 1.8–1.4 0

Leuciscus idus 202.7–247.2 R8 4.8–6.2 3.9–5.2 1.2–1.3 7/3–9/4
Perca fl uviatilis 154.1–233.6 R1 1.7–1.9 1.9–2.2 0.9–1.1 6/1–8/2

R2 3.4–3.9 3.6–4.2 0.9–1.2 6/1–8/2
R3 1.8–2.0 1.9–2.3 0.9–1.1 6/1–7/2
R5 3.0–3.5 3.4–3.8 0.8–0.9 6/1–7/2
R6 2.2–2.8 1.8–2.2 1.2–1.3 4/1–5/2
R7 3.0–3.6 2.8–3.0 1.1–1.2 4/2–5/2
R8 2.1–2.5 1.9–2.5 0.9–1.0 4/1–5/2
R10 2.6–2.9 2.5–2.8 1.0–1.1 6/0–6/0

Sander lucioperca 88.9–129.2 R4 0.12–0.16 0.13–0.18 0.9–1.0 8/1–9/2
R5 0.22–0.31 0.21–0.34 1.0–1.1 8/1–9/2
R6 0.20–0.28 0.11–0.20 1.0–1.4 8/1–8/2
R7 0.12–0.16 0.12–0.17 1.0–1.2 9/1–9/2
R8 0.12–0.16 0.12–0.17 1.0–1.1 9/1–9/2

MAA = major axis (range), MIA = minor axis (range), MAA : MIA = major- and minor axes ratio.
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Table 2 
Biodata of abnormal scales from seven freshwater fi sh species collected from ponds: Vrkoč, Svět, and Opatovický, 

Czech Republic

Species
Fish 

length 
[mm]

Fish 
body 

region

Type of 
abnormality Type of scale MAA MIA MAA : 

MIA

No. of 
radial 
lines

Hypophthalmichthys 
nobilis

442.3 R5 Slight Non-regenerated body scale 0.58 0.43 1.35 3/1
442.3 R6 Slight Non-regenerated body scale 0.53 0.46 1.15 0/3
442.3 R9 Slight Lateral line scale 0.54 0.32 1.7 0
442.3 R9 Severe Lateral line scale 0.51 0.49 1.04 0
442.3 R9 Severe Lateral line scale 0.49 0.32 1.5 0
442.3 R10 Severe Lateral line scale 0.59 0.51 1.12 0
446.9 R7 Slight Non-regenerated body scale 0.59 0.47 1.3 1/6

Ctenopharyngodon 
idella

285.1 R5 Slight Non-regenerated body scale 5.3 5.0 1.1 10/4

Gymnocephalus cernua 109.7 R1 Slight Non-regenerated body scale 2.2 2.1 1.1 8/1
109.7 R2 Slight Non-regenerated body scale 2.6 1.7 1.5 7/1
109.7 R4 Slight Non-regenerated body scale 1.7 1.5 1.1 4/1
109.7 R4 Slight Non-regenerated body scale 1.9 1.7 1.1 8/1
109.7 R5 Severe Regenerated body scale 2.8 3.1 0.9 0/10
109.7 R5 Severe Regenerated body scale 2.5 2.9 0.8 0/12
109.7 R6 Severe Regenerated body scale 1.1 0.9 1.2 0/7
109.7 R8 Severe Regenerated body scale 0.3 0.3 1 0/10
114.6 R1 Slight Non-regenerated body scale 1.3 1.4 0.9 7/1
114.6 R1 Slight Non-regenerated body scale 1.3 1.6 0.8 6/3
114.6 R1 Slight Non-regenerated body scale 1.6 1.8 0.9 7/3
114.6 R4 Slight Non-regenerated body scale 1.9 2.2 0.9 8/1
114.6 R6 Slight Regenerated body scale 1.9 1.5 1.3 0/14
114.6 R6 Slight Regenerated body scale 1.9 1.5 1.3 0/16
114.6 R6 Slight Non-regenerated body scale 2.0 1.6 1.3 7/0
114.6 R7 Slight Non-regenerated body scale 2.1 1.9 1.1 8/3
114.6 R2 Severe Regenerated body scale 1.7 2.8 0.6 0/17
114.6 R5 Severe Non-regenerated body scale 2.7 1.4 1.9 9/8
114.6 R5 Severe Non-regenerated body scale 2.6 3.2 0.8 8/8

Hypophthalmichthys  
molitrix

386.1 R3 Slight Non-regenerated body scale 7.6 6.0 1.3 1/1
411.3 R9 Severe Lateral line scale 9.3 6.3 1.5 0

Leuciscus idus 218.0 R8 Slight Non-regenerated body scale 1.1 5.4 0.2 9/0
Perca fl uviatilis 154.1 R6 Slight Regenerated body scale 1.7 1.6 1.1 3/1

154.1 R8 Slight Non-regenerated body scale 1.4 1.1 1.3 3/0
154.1 R8 Slight Regenerated body scale 1.7 1.4 1.2 0/3
219.2 R1 Slight Non-regenerated body scale 3.1 3.5 0.9 8/0
219.2 R5 Slight Regenerated body scale 6.3 6.2 1.0 0/7
219.2 R6 Slight Regenerated body scale 3.8 2.8 1.4 0/4
219.2 R6 Slight Non-regenerated body scale 3.0 2.7 1.1 5/0
219.2 R7 Slight Regenerated body scale 5.0 4.5 1.1 0/4
219.2 R8 Slight Regenerated body scale 2.4 1.9 1.3 3/1
219.2 R8 Slight Non-regenerated body scale 2.2 1.8 1.2 3/1
219.2 R1 Severe Non-regenerated body scale 3.3 4.2 0.8 0/5
219.2 R1 Severe Regenerated body scale 3.3 3.3 1.0 0/7
219.2 R2 Severe Non-regenerated body scale 5.6 6.9 0.8 7/3
219.2 R3 Severe Regenerated body scale 3.6 3.3 1.1 0/3
219.2 R3 Severe Regenerated body scale 4.3 3.2 1.3 0/5
219.2 R3 Severe Regenerated body scale 3.3 2.7 1.2 0/5
219.2 R3 Severe Non-regenerated body scale 4.1 3.3 1.2 6/0
219.2 R8 Severe Regenerated body scale 1.8 1.4 1.3 0/3
219.2 R10 Severe Lateral line scale 3.4 3.1 1.1 6/0
233.6 R2 Slight Non-regenerated body scale 3.9 2.7 1.4 4/0
233.6 R3 Slight Non-regenerated body scale 4.8 2.7 1.8 3/0
233.6 R7 Slight Regenerated body scale 3.3 3.8 0.9 0
233.6 R1 Severe Non-regenerated body scale 4.0 4.1 1.0 0
233.6 R1 Severe Regenerated body scale 3.1 4.9 0.6 0
233.6 R6 Severe Non-regenerated body scale 2.6 2.9 0.9 0/10
233.6 R8 Severe Non-regenerated body scale 2.2 1.5 1.5 0/2

Table continues on next page.
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Species
Fish 

length 
[mm]

Fish 
body 

region

Type of 
abnormality Type of scale MAA MIA MAA : 

MIA

No. of 
radial 
lines

Sander lucioperca 88.8 R5 Severe Regenerated body scale 0.2 0.2 1.0 0/10
88.8 R6 Severe Regenerated body scale 0.1 0.04 2.5 0/5
88.8 R7 Severe Regenerated body scale 0.2 0.1 2 5/2
120.9 R7 Severe Regenerated body scale 0.1 0.1 1.0 0/7
120.9 R8 Severe Regenerated body scale 0.08 0.07 1.1 0
124.3 R8 Slight Regenerated body scale 0.12 0.10 1.2 0/7
125.2 R4 Severe Non-regenerated body scale 0.1 0.2 0.5 8/0

MAA = major axis (range), MIA = minor axis (range), MAA : MIA = major- and minor axes ratio.

Table 2 cont.

radius from the focus to the anterior edge of the scale were 
chosen to give an indication of the scale size (Fig. 4).

Deformed scales varied according to the body 
region, occurring mostly in R8 (L. idus, P. fl uviatilis, 
and S. lucioperca) and R9 (H. molitrix and H. nobilis). 
Ctenopharyngodon idella and L. idus showed anomalous 
scales only in R5 an R8, respectively. Gymnocephalus 
cernua had the highest number of body regions with 
abnormal scales (R1, R4, R5). Two regions were observed 
in H. molitrix (R3, R9), P. fl uviatilis (R6, R8), and 
S. lucioperca (R7, R8).
Description of scale deformities. Two categories of scale 
deformities were defi ned in the body scales, based on the 
complexity of the case. The slight deformity occurred 
in one region of the scale only and the deformity is not 
complicated. The severe anomaly occurred in more than one 
region of the scale, heavily deformed in comparison with 
the normal shape. In the slight deformity category, there are 
either common or uncommon cases of scale anomalies. 

The common cases included:
• Abnormalities on the dorsal and ventral sides of 

the scale. Within this group, the sides were either 
emarginate, curved, constricted, indented, or straight. 

These various types of anomaly were observed in 
H. molitrix, H. nobilis, G. cernua, and P. fl uviatilis 
(Figs.  5A–5E)

• Displacement of the anterior and posterior ends 
of the scale. Displacement was observed either with 
or without the displacement of the focus, and either 
dorsally or ventrally. These anomalies were observed 
in C. idella, G. cernua, and P. fl uviatilis (Figs. 5F–5H).

• Deformity of the lobes on the anterior side of the 
scales. This abnormality included differences in either 
the length or absence of scale lobes, and was observed 
in G. cernua, P. fl uviatilis, and S. lucioperca (Fig. 5I).

• Anomalies in scale circuli. Circuli deformities were 
observed in both the dorsal and ventral lateral fi elds 
and around the focus. They included irregularity in 
shape, distance to each other and undulation. These 
abnormalities were noted in G. cernua, H. molitrix, and 
S. lucioperca (Fig. 5J).

The uncommon cases of scale abnormalities included:
• Deformities of ctenii and the ctenii area. Ctenii 

were observed to be either directed downward, joined 
together, irregular in shape, or absent from the area 
anterior to the ctenii line. In some cases, the area 

Fig. 3. Shapes of the scales: rectangular (A) and squarish (B) 
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anterior to the fully developed ctenii was reduced in 
size. These abnormalities were observed in G. cernua 
and P. fl uviatilis (Figs. 6A–6C).

• Disconnected radii were observed in scales of 
P. fl uviatilis only (Fig. 6D).

• Presence of two loci. In this unusual abnormality, 
which was only observed in S. lucioperca, the circuli 
in the focus area were surrounded by two foci (Fig. 6E) 

• Deformities in the corners of the scale. In this 
abnormality, which was observed in L. idus only, the 
corners of the scales were rounded rather than triangular 
(Fig. 6F).

Both body and lateral line scales exhibited ten cases of 
severe anomalies, including:
• Twin scales (“Siamese scales”). This type of anomaly 

was observed in lateral line scales of H. nobilis and 
body scales of S. lucioperca. The twin scales can be 
described as follows: the abnormal scales were fused 

in pairs, with two well developed foci instead of one. 
The appearance of these scales was completely different 
from normal scales. Both foci were displaced to the 
posterior fi eld of the scale and situated at the same 
level. They were circular in shape and bounded by a 
complete concentric circulum. In the twin body scale of 
S. lucioperca the circulus around the focus was irregular 
and discontinued, while that from the lateral line area in 
H. nobilis was normal. In both cases the twin scales had 
the anterior part of the posterior fi eld of the right scale 
fused to the dorsal part of the posterior fi eld of the left 
scale (Figs. 6G and 6H). 

• Displaced ctenii area. This type of anomaly was 
observed in two body scales of G. cernua. In one of these 
scales, part of the ctenii area was displaced posteriorly 
and dorsally. In the latter displaced area, the circuli were 
widely spaced. A slight deformity of the circuli was also 
noticed in the anterior ventral corner of this scale. The 

Fig. 4. Principal scale fi elds: Body scale of Hypophthalmichthys molitrix (A); Body scale of Gymnocephalus cernua (B); 
(C) Lateral line scale of Hypophthalmichthys molitrix (C); Lateral line scale of Gymnocephalus cernua (D); RF = 
rostral fi eld, LF = lateral fi eld, CF = caudal fi eld
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focus appeared to be normal in both shape and position. 
In the other scale, different segments appeared to have 
been attached to the posterior dorsal corner. The pattern 
of the circuli in this segment did not match that in the 
dorsal fi eld of the scale. In addition, there was a complete 
deformation of the lobes in the anterior dorsal corner. 
The focus was tilted posteriorly (Figs. 7A and 7B).

• Indented scale. This anomaly was observed in a 
degenerated body scale of P. fl uviatilis. The anterior part 
of the dorsal side of the scale was severely indented. 
The circuli in this area had an irregular shape around the 
degenerated focus. Other deformities associated with 
this indentation were a reduction in number of ctenii, 

Fig. 5. Common abnormality cases: Abnormalities on dorsal and ventral sides of the scale (A–E); Displacement of the 
anterior and posterior end of the scale (F–H); Deformity of the lobes on the anterior side of the scales (I); Anomalies 
in scale circuli (J)
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only two rows of ctenii remained, and deformation of 
the lobes at the anterior side of the scale (Fig. 7C). 

• Overlapping scales. This abnormality was observed in 
two body scales of P. fl uviatilis. Both scales overlapped 
so that the anterior side of the upper scale was tilted 
anterior-dorsally. The focus of the lower scale was 
degenerated, while that of the upper scale was normal. 

The ctenii areas of both scales were mixed together, 
resulting in an irregular shape of the ctenii area. The 
lobes of the anterior side of the upper scale were normal, 
while those of the lower scale were deformed. The other 
scale showed similar deformities in addition to a severe 
deformity of the lobes of the anterior side of the lower 
scale (Fig. 7D). 

Fig. 6. Uncommon cases of scale abnormalities: Deformities of ctenii and the ctenii area (A–C); Disconnected radii 
(D); Presence of two loci (E); Deformities in the corners of the scale (F); Severe abnormality, Twin scales “Siamese 
scales” (G and H)
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• Pear-shape deformity. The scale in this type of 
anomaly was pear-shaped, and was observed in a 
degenerated body scale of P. fl uviatilis. Both the ctenii 
area and the number of ctenii were reduced, with only 
two remaining deformed ctenii. The focus area and the 
circuli in the posterior fi eld of the scale were oblong 
shaped. In the anterior fi eld, the circuli were widely 
separated, disconnected and irregular. The lobes at the 
anterior side of the scale were deformed (Fig. 7E).

• Displaced posterior fi eld area. A segment/part of the 
posterior area was observed posterior to the lobes at the 
anterior fi eld area. This segment contained four widely 
spaced circuli and part of what looked like a piece of 
a normal focus. A strong indentation was observed at 
the posterior-dorsal corner where the dorsal end of the 

ctenii was present. This invagination in the wall of the 
scale caused damage to both the circuli and the ctenii in 
this area. This anomaly was observed in a degenerated 
body scale of S. lucioperca. The focus area was bounded 
by widely separated, disconnected and irregular circuli 
(Fig. 7F). 

• Lateral line canal deformity. In this type of 
abnormality, the lateral line canal was observed to have 
one two bends either in the middle or in the anterior part 
of the canal. No radii were present. This anomaly was 
observed in a lateral line scale of H. nobilis (Fig. 7G).

• Posterior fi eld deformity. In this type of abnormality, 
the posterior fi eld was severely deformed, affecting the 
ctenii area and reducing the number of ctenii. It also 
resulted in the circuli being widely spaced. In another 

Fig. 7. Severe abnormalities: Displaced ctenii area (A and B); Indented scale (C); Overlapping scales (D); Pear-shape 
deformity (E); Displaced posterior fi eld area (F); Lateral line canal deformity (G); Posterior fi eld deformity (H); 
Degenerated focus deformity (I) 
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scale, the posterior fi eld was constricted to the extent 
that it deformed the circuli in this area, the ctenii area 
was also affected. This abnormality was observed in 
scales of G. cernua and P. fl uviatilis (Fig. 7H).

• Degenerated focus deformity. The area of the 
degenerated focus was fi lled with bumps of different 
sizes and shapes. Accordingly, the circuli in this area 
were badly affected. This abnormality was observed in 
G. cernua (Fig. 7I).

DISCUSSION
Sixty-three cases of abnormal scales were studied in 

the present paper (Figs. 4–7), whereby severe cases were 
slightly more represented than slight cases. Among the 
species studied,  Sander lucioperca exhibited more severe 
abnormal scales than slight ones. This may indicate that 
the species was affected by more environmental factors 
that had a negative impact on the development of its 
scales than other species. Among those species commonly 
exhibiting slight cases of scale anomalies, Gymnocephalus 
cernua and Perca fl uviatilis were more noticeable.

Although the number of specimens exhibiting scale 
anomalies was relatively small, they demonstrated a wide 
range of both slight and severe cases. P. fl uviatilis exhibited 
the highest number of cases, while Ctenopharyngodon 
idella and Leuciscus idus exhibited the lowest, with only 
one case each. 

The regenerated scales resembled ontogenetic scales 
but differed in superficial ornamentations where previous 
growth marks had disappeared (Neave 1940, Sire 
unpublished*). As in other teleosts (Meunier 2002), the 
abnormally regenerated scales observed in the presently 
reported study, exhibited a trend in increase of size which 
was related to fi sh size. Several shapes of regenerated 
scales were observed that were similar to those observed in 
ontogenetic scales (Figs. 5C, 6A, 6C, 6D, 7A, 7C, 7E, and 
7F). Irregular scale shape was a dominant feature amongst 
the regenerated scales obtained from different body regions 
of the seven species studied. Scale loss is a common 
feature amongst fi sh exposed to accidental damage and 
this usually leads to the development of regenerated scales 
(Miranda and Escala 2002, Ashley 2007, Sfakianakis et al. 
2013). Abnormally regenerated scales were observed in the 
percids (G. cernua, P. fl uviatilis, and S. lucioperca) only, 
with the highest numbers observed in body regions 6, 3, and 
8, respectively. This may indicate that these species have 
a higher vulnerability of these body regions to accidents, 
as compared to other body regions. Previously published 
descriptions of the shape and size of regenerated scales 
(Quilhac and Sire 1998) equate with the different shapes and 
sizes of anomalous scales observed in the presently reported 
study. Deviations from the normal scale shape are due to 
compensatory growth which is an intrinsic factor (Ibáñez et 
al. 2012). Such events are associated with availability and 
type of food, which are, in turn, related to differences in 
extrinsic environmental driving factors (Swain and Foote 
1999). The shape and size of the anomalous scales appeared 

to be affected during development. For regenerated scales, 
the size and shape depends on the location of the scales 
along the wound margins (Quilhac and Sire 1998). Scales 
located near the margin of the wound are larger than those 
near its centre. Quilhac and Sire (1998) noted that the shape 
of regenerated scales varied relative to the location of the 
wound. Marginally regenerated scales may be dorsoventrally 
(elongated) or anteroposteriorly (rectangular) asymmetrical, 
while those near the centre of the wound are more developed 
and look like normal scales. Irregularly shaped scales might 
also be due to the presence of two scales in one pocket, e.g., 
in our study the scale of P. fl uviatilis obtained from body 
region 1 had two foci (Fig. 6E). 

The most interesting case in the presently reported 
study was the occurrence of twin or Siamese scales 
that were observed on the body and lateral line of 
Hypophthalmichthys nobilis (region 9) and Sander 
luciperca (region 4), respectively (Figs. 6G and 6H). It is 
interesting to note that Quilhac and Sire (1998) observed 
that two scales could develop in the same pocket. However, 
Mookerjee (1948) suggested that arrested growth and 
other developmental irregularities might also contribute 
to this type of scale abnormality. The scales observed by 
Mookerjee (1948) were elongated with a complete margin. 
Despite the fusion, the development of ornamentations 
on the two scales proceeded in a normal way albeit the 
left scale was incomplete. The Siamese scales observed 
in the presently reported study looked exactly like those 
obtained by Jawad (2005c) in Oreochromis niloticus in 
Sudan. In both cases, the scales were joined at their caudal 
field but were free at their rostral fields. However, the 
latter scales differed from those obtained by Jawad and 
Al-Jufaili (2007) and Jawad et al. (2006) in having their 
rostral ends free and joined with their caudal ends. 

The other interesting case of abnormal scales was 
observed in body region 1 of P. fl uviatilis, which looked as 
if two scales overlapped (Fig. 7D). A similar case of scale 
abnormality was reported by Sire (1986), who suggested 
that a partial regeneration, following a wound, might have 
caused the anomaly. 

Spines at the ctenial area and the subctenial area 
can be deformed due to degeneration (Hughes 1981) or 
amputation and resorption (Coburn and Gaglione 1992). 
Degeneration can occur following the continuous removal 
of the outer layers of the spines. Although amputation 
and resorption do not occur simultaneously, in some fi sh 
groups, such as the Percidae (see Coburn and Gaglione 
1992), they found in places where a new row of ctenii 
is required to grow. In such an area, resorption of the 
amputated ctenii can occur. It is interesting to note that 
in the presently reported study, slight and severe cases 
of anomalous ctenii, subcteni and subctenial areas were 
observed in the scales of P. fl uviatilis and S. lucioperca 
(Figs. 6A–6C ). Sire and Géraudie (1983) suggested that 
in the focus of the regenerated scales of Hemichromis 
bimaculatus Gill, 1862, the fi rst step in the regeneration 
process was characterized by a pattern of tubercles of 

* Sire J.-Y. 1987. Structure, formation et regeneration des ecailles d’un poisson teleosteen, Hemichromis bimaculatus (Perciforme, Cichlidae). These de Doctorate 
es-Sciences, Universite de Paris VII, Paris. 
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various sizes forming ridges. This hypothesis may explain 
the case of the regenerated scale observed in region 2 of 
G. cernua, where tubercles of different shapes and sizes 
were observed in its regenerated focus. 

Resorption of the calcifi ed layer in teleost fi sh is due 
to the presence of mono- and multinucleated osteoclasts 
(Ouchi et al. 1972, Bigler 1989, Sire et al. 1990). 
Resorption usually takes place during periods of increased 
demand for calcium such as during sexual maturation 
(Persson et al. 1999). In the process of resorption, several 
scale micro-structures may be damaged, e.g., the circuli 
and radii. In their work on the scale osteoclasts of the 
rainbow trout, Oncorhynchus mykiss (Walbaum, 1792), 
during sexual maturation, Persson et al. (1999) observed 
a signifi cant area of resorption on the scale surface, where 
circuli and radii were deformed and became irregular in 
their circularity around the focus or discontinued. It is 
interesting to note that similar deformities were observed 
in the scales obtained from several fi sh species in the 
presently reported study (Fig. 5J). 

Common cases of scale abnormalities described in 
the presently reported study were observed in 3 species. 
This suggests that all of these species were subjected to 
similar causes of these anomalies. On the other hand, the 
uncommon and the severe cases of deformities reported 
here were found in fewer than 3 species which suggests 
that the causative agent(s) may have been more specifi c.  

All species studied are considered native and with 
natural reproduction in the lakes where they were 
collected, except for H. molitrix, H. nobilis, and C. idella, 
which are considered non-native and do not reproduce 
naturally in their environment (Lusk et al. 2010a, 2010b). 
The source of the scale abnormalities in the native species 
has to be sought in these lakes, because the fi sh hatch and 
develop locally. Hypophthalmichthys molitrix, H. nobilis, 
and C. idella reproduce in aquaria only whereupon the 
fries are transported to the lakes for further development 
(L. Hanel, personal communication). At the age of their 
transportation, the scales have not fully developed, they 
were in their early stages. Therefore, any abnormalities 
that these scales might show after full development, will 
be due to the environmental factors of the lakes that they 
were transplanted to during their early life stages. 

Corrales et al. (2000) suggested four main causes of 
scale abnormalities in fish: genetic disorders, disease, 
physical, and/or chemical environmental variables. It is 
impossible at this stage to investigate the possible genetic 
and pathogenic (including parasites) causes of the fish scale 
anomalies described here. Small founding populations 
of the stocked non-native species could possibly lead 
to developmental instabilities as a consequence of 
inbreeding, but this is highly speculative and, moreover, 
the occurrence of scale abnormalities in several native 
species suggests that the effect might be environmental 
rather than genetic (Browder et al. 1993). Physical and/
or chemical environmental variables are feasible causes. 
Environmental stress, such as overpopulation or poor 
water quality, have previously been suggested to have a 
negative infl uence on the developmental stability in pond 

reared cyprinids (Almeida et al. 2008). The chemical 
environmental variables were fairly well documented 
in the freshwater systems of the Czech Republic. High 
levels of certain pollutants recorded from the study area 
(Všetičkova et al. 2012) might have a direct effect during 
the developmental stages. Other pollutant sources in 
the area include thermal effl uents from power stations 
(Vassolo and Döll 2005, Pavlas et al. 2006), wastewater 
treatment plants (Heteša et al. 2002), solid waste (Modrá 
and Svobdová 2009), and recreation and tourism facilities 
(Geneletti and Dawa 2009, Navrátil et al. 2011). The main 
pollutants present in the studied ponds include heavy 
metals and hydrocarbon contaminants (Kopicová and 
Vavreinová 2007), and organic pollutants (Pechar 2000, 
Nhan et al. 2006). Several authors have considered scales 
as potential bioindicators of pollution (Johal and Tandon 
1989, Tandon and Johal 1993, Johal and Dua 1994). 
Johal and Dua (1994) noted that sudden changes in the 
environment could cause alterations in both the shape 
of the circuli and the pattern of elemental deposition in 
scales. Rishi and Jain (1998) suggested that cadmium 
toxicity could have a signifi cant effect on the surface 
structures of scales such as on circuli and lepidonts. 
Therefore, it is quite possible that one or more of the 
pollutants mentioned above plays a signifi cant role in 
producing the observed scale abnormalities. However, 
conclusive causes of the scale anomalies described in the 
presently reported study cannot be determined due to the 
lack of information on potential causal factors other than 
chemical variables. Further studies are clearly required 
and they should focus on the question whether or not the 
removal of abnormal scales will lead to replacement by 
either normal or abnormal scales. Studies on this issue, 
including the frequency of occurrence of abnormal scales 
in relation to environmental contaminants and physical 
stressors, should provide insights into the factors causing 
the observed abnormalities. 
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