
INTRODUCTION
Zope (blue bream), Abramis ballerus, is a cyprinid

fish occurring in Europe. Zope inhabits mainly lower
stretches of bigger rivers and prefers slowly running and
steady waters. It is most common in waters of south-east-
ern Europe (Tadajewska 2000). In Poland it has sporadi-
cally been observed in rivers Brda, Drw´ca, Bzura, and
Warta (Rolik and Rembiszewski 1987). According to
Kompowski (1991) A. ballerus used to be a rare fish in
Polish waters before the Second World War. Since the
mid-1960s an abundance of zope has been observed in
Lake Dàbie, the Szczecin Lagoon, and the lower Odra
River. Zope is not a valuable fish and has no economic
importance (Tadajewska 2000).

The zope is a representative of the order
Cypriniformes, family Cyprinidae, subfamily Leuciscinae
(cf. Nelson 1994). Howes (1991) identified three mono-
phyletic lineages in this subfamily: Abramin, Aspinin, and
Phoxinin. The lineage Abramin consists of eight genera,

four of which (Abramis, Rutilus, Chondrostoma, and
Acanthobrama) occur in Western- and Eastern Europe,
and do not reach central Asia. The genus Abramis accom-
modates 4 species: zope, Abramis ballerus (Linneaus,
1758); white bream, Abramis bjoerkna (Linnaeus, 1758);
carp bream, Abramis brama (Linnaeus, 1758); and white-
eye bream, Abramis sapa (Pallas, 1814). Its monophyly
remains unclear (Hensel 1978). A molecular phylogenetic
study revealed that the genus Abramis is paraphyletic.
Abramis ballerus and Abramis sapa are placed basal to 
a group of species including, among others, A. brama, 
A. bjoerkna, and Vimba spp. (Durand et al. 2002).

All the four species are present in Polish waters.
Among them the zope is the most slender and the only
planktivorous species.

There are few papers dealing with the morphological
features of zope from Polish waters. Studies on this
species have covered the growth rate, some meristic fea-
tures, food and feeding behaviour, and parasites, in zope
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Background. The zope (blue bream), Abramis ballerus (L., 1758), is a cyprinid fish without economic impor-
tance, and its morphology has been poorly known. The monophyly of the genus Abramis is still unclear; there-
fore any new contribution to the knowledge on the morphology of zope could shed a new light on the phylogeny
of this group of fishes. The aim of the present study was to learn and describe meristic- and morphometric futures
of zope and to compare the results with published data.
Material and methods. A total of 40 specimens of the zope, Abramis ballerus, were caught in the middle stretch
of the Odra River, near the city of G∏ogów, western Poland, in October 2002. For each fish, 21 biometric features
were measured and selected meristic features (external and internal) were determined. Cephalic sensory canals
were studied and their pores were counted.
Results. The coefficient of variation for the body proportions of zope from the middle stretch of the Odra River
ranged from 3.89% to 19.13% and its principal features were as follows: D III 8–10; A III 34–43; P I 14–18; V
II 7–9; l.l. 62–75. It had one row of pharyngeal teeth, most frequently, in 5–5 pattern. The total number of verte-
brae ranged from 46 to 48, (mean 47.38). The preoperculo-mandibular canal (CPM) and infraorbital canal (CIO)
had the highest number of pores.
Conclusion. The presently reported study shows that the sample analysed did not differ significantly from the
population of the Dniepr River, although it differed significantly (in body proportions) from those of Lake Dàbie.
The majority of values of meristic features did not differ significantly from those found in literature. However,
there is still too little comparative material regarding internal meristic features and especially its osteology.
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population from Lake Dàbie (Kompowski 1971a, b,
Wierzbicka 1977, Rolik 1985). Selected biometric fea-
tures were analysed by Krzykawski et al. (1996).
Gàsowska (1980) studied a few osteological features
while looking for possible affinities between fishes of the
genus Abramis and the American genus Notemigonus. 

The aim of this paper was to describe morphology of
zope, based on its meristic and biometric characters, with
a special emphasis on the cephalic sensory canals.
Another aim was to determine how different would be the
morphology of zope from the middle stretch of the Odra
River form other studied populations, mainly from Lake
Dàbie (Odra River estuary). 

MATERIAL AND METHODS
The material for the presently reported study was col-

lected in October 2002, from the middle stretch of the
Odra River, near the city of G∏ogów (Fig. 1). The fish
were captured using gill nets, by commercial fishermen.
In total 40 specimens (13 males and 27 females) were
examined. For each fish 21 distances were measured, to
the nearest 0.1 mm, according to the modified cyprinid
scheme developed by Bryliƒska (2000) (Table 1). The
measurements were expressed as a percentage of the stan-
dard length (SL) and head length (lc) (Strauss and Bond
1990). Due to unequal number of individuals from both
sexes the differences in body proportions between males
and females were not tested.

The following meristic features (external and internal)
were determined: soft (branched) rays of fins: dorsal (D),

anal (A), pectoral (P), and ventral (V)(two last branched
dorsal and anal fin rays were counted as one); number of
scales in the lateral line (l.l.), number of pharyngeal teeth
(PhF); number of vertebrae in different portions of the
vertebral column: predorsal vertebrae (Vpd) (i.e. lying
anteriorly from dorsal fin insertion), abdominal vertebrae
(Va), intermediate vertebrae (Vi), caudal vertebrae (Vc),
hemal vertebrae (Vh) (caudal plus intermediate ones with
parapophyses connected by a bridge below the hemal
canal); total number of vertebrae (Vt), including the
Weberian apparatus and the last complex preural-ural cen-
trum; the number of openings of cephalic sensory canals
on particular bones in the neurocranium and visceral
skeleton: preoperculo-mandibular canal (CPM): dentary,
articular, preopercle, opercle; supraorbital canal (CSO):
frontal, parietal; supratemporal canal (CST): parietal,
posttemporal; infraorbital canal (CIO): lacrimal, infraor-
bitals 2–5, pterotic. 

Internal features of fish were counted from dry skele-
ton preparations obtained by boiling in hot water. Pore
counts were made from both the left and right side of the
head; the number of canal openings of an individual bone
included entry and exit. 

The results of biometric and meristic characteristics
were presented as range of values, arithmetic means (x),
standard deviations (s), and coefficient of variation (V, %).

RESULTS
Biometric features. Relative values of biometric fea-

tures of zope are shown in Table 2. The general body
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Table 1
Studied biometric features of zope, Abramis ballerus



shape resembles that of a carp bream but is more slender
and laterally compressed. The head, which constituted
15.7%–23.8% of SL, was comparatively short. The head
depth at nape, which was 67.4%–95.3% of lc, was consid-

erably larger than the head width, which was
33.7%–61.5% of lc. The postorbital distance was about
half of the head length. The mouth was oblique, terminal.
The lower jaw length was 25.1%–49.5% of lc. The eye
was relatively small; its horizontal diameter was
12.6%–31.5% of lc (mean 25%).

The body was moderately deep. The maximum body
depth was 30.0%–39.1% of SL. The length of caudal
peduncle was 6.3%–13.7% of SL, being larger than mini-
mum body depth, which was only 4.2%–9.9% of SL. The
predorsal distance was 44.1%–95.9% of SL, whilst the
postdorsal distance 33.8%–81.0% of SL. 

The anal fin had the longest base than other fins,
amounting to 10.9%–19.7% of SL; the shortest base was
measured at the dorsal fin, which was 6.1%–12.4% of
SL. The anal fin margin was distinctly or slightly con-
cave. The pectoral fin reached the base of the ventral
fin. The distance between pectoral- and ventral fins
(P–V) ranged from 12.9% to 24.3% SL, and between
ventral- and anal fins (V–A) ranged from 12.5% to
22.7% of SL.

Meristic features. All the fish examined had 3 hard
rays in the dorsal fin. The number of soft rays exhibited 
a high variability (V = 6.52%), ranging from 8 to 10 rays
but 60% of the fish had 8 soft rays (Table 3). 

The zope has long anal fin; the number of soft rays
ranged from 34 to 43. This parameter was characterized
by lower variability (V = 4.42%). The mean number of
soft rays in anal fin was 37.70, but 32.5% of the analysed
fish had 38 rays. 

The number of soft rays in the pectoral fin ranged from
15 to 18 (mean number 16.34), with 16 and 17 being the
most common results, found in 50% and 40% of the fish,
respectively. The number of soft rays in the ventral fin
ranged from 7 to 9 but most fish (85%) had 8 rays. The
variability of these two parameters was 4.97% and 4.12%,
respectively.

Scales were relatively large. Their numbers on the lat-
eral line varied from 62 to 72 (mean 69.94). The most
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Table 3

Values of external meristic characters of zope, Abramis ballerus, from the middle stretch of the Odra River

Table 2

Relative values of biometric characters (mm) of zope,
Abramis ballerus from the middle stretch of the Odra River

x, mean; s, standard deviation; V, coefficient of variation

x, mean; s, standard deviation; V, coefficient of variation; numbers 1 and 2
denote left and right side of the body



common were specimens with 70 lateral line scales on
both sides of the body (22.5% and 25%, respectively).

The zope has one row of pharyngeal teeth. In 87.5%
of the fish the pattern was 5–5, and in 12.5% it was 5–4.
The teeth were high, narrow, and slightly hooked.

The total number of vertebrae ranged from 46 to 48
(mean 47.38) (Table 4). In 53.8% of the fish there were 47
vertebrae; 42.3% of the fish had 48 vertebrae, but 46 ver-
tebrae were found only in one specimen. All the fish had
12 to 13 abdominal vertebrae (mean 12.92). In the predor-
sal part the most common number of vertebrae was 10
(57.7%). The number of caudal vertebrae was 23 or 24
(mean 23.46). In 53.8% of all specimens 23 vertebrae
were found; the remaining fish had 24 vertebrae.

The analysis of the number of vertebrae in different
regions of the vertebral column showed that the lowest
coefficient of variation, V = 1.21% was found in the case
of the total number of vertebrae, whilst the highest, 

V = 8.69%, for the intermediate vertebrae (Table 4).
The pattern of the sensory cephalic canals was typical

for the subfamily Leuciscinae. The preoperculo-mandibu-
lar canal (CPM) featured numerous pores (Table 5).
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Table 4

Number of vertebrae of zope, Abramis ballerus, from the
middle stretch of the Odra River
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Table 5

Number of pores in selected bones of lateral-system canals of zope, Abramis ballerus, from the middle stretch 
of the Odra River

x, mean; s, standard deviation; V, coefficient of variation; numbers 1 and 2 denote left and right side 
of the body

x, mean; s, standard deviation; V, coefficient of variation



Their number ranged from 17 to 28 (mean 22.77). The
dental bone had 5 to 8 openings, in the preopercle bone
its number ranged from 9 to 13 (Fig. 2a, b). In the supra-
orbital canal (CSO) there were predominantly 4 pores in
the nasal bone, which was small and tube-like, 6–10 and
2–3 pores in the frontal- and parietal bones respectively.
In the supratemporal canal (CST) the parietal bone had
3–6 openings whereas the posttemporal bone had 2 pores
in all analysed specimens. The infraorbital canal (CIO)
passed through 5 interorbital bones (Fig. 2c) and the
pterotic bone. This canal joined with the temporal section
of CST. On the first infraorbital bone, the lacrimal, most
of the fishes analysed had 6 pores (68.18%), its number
ranging from 5 to 7. There were 3–6 canal openings on
the second infraorbital (so2), 4–8 on third bone (so3), 2–3
on fourth (so4), and 1–2 on the fifth (so5) one, respective-
ly. The pterotic bone had 4–7 pores, but most often 4 or
5. In this canal the number of pores ranged from 19 to 35
(mean 24.21).

DISCUSSION
Zope usually attains 20–25 cm SL. Bigger fish,

exceeding 35 cm, are encountered sporadically. The stan-
dard length of the fish in the analysed sample was
27.2–35.9 cm (mean 29.4 cm). The values of standard
length (SL) attained by different populations, described by
other authors, are presented in Table 6. 

Biometric features are strongly affected by environ-
mental conditions. The most important role plays food
supply and availability as well as water temperature
(Bryliƒska 2000).

Compared to other populations, the analysed zope
from the middle stretch of the Odra River was character-
ized by higher values of such parameters as preorbital dis-
tance, predorsal distance, and body depth. They had the
smallest values of minimum body depth and dorsal fin
length (Table 7). Rolik (1985) found in the two popula-
tions analysed (Lake Dàbie, the Dniepr River) significant
differences in such characters as head length and height,
interorbital and postorbital distance, height of the dorsal
fin, length of the ventral- and caudal fins.

Meristic characters of an individual remain stable
throughout its life span. The variability in these characters

is affected by various environmental factors acting either
individually, e.g. temperature (T∆ning 1950) and light
(Vladykov 1934) or in combination. 

According to Vladykov (1934) the highest variability
occurs in features which develop slowly and therefore are
longer exposed to environmental conditions, e.g. fins with
long bases or fins which develop in the caudal part of the
body. Pectoral fins develop very early in ontogeny but
need more time to be fully developed. Different numbers
of fin rays reflect changing conditions during their devel-
opment. Branched fin rays start to develop in the embry-
onic period later than vertebrae but earlier than scales and
probably their number does not change in an individual
along their age (Tadajewska 1980).

The mean number of dorsal fin soft rays in the zope pop-
ulation studied ranged from 8 to 10 (Table 8). The range was
very similar to that found in other populations but their means
differed significantly (Zukov 1965, Kompowski 1971a).
According to Krzykawski et al. (1996) the number of soft
rays in this fin is stable and amounted to 8. Similarly, the
range of soft rays in anal fin was almost the same as in the
populations analysed by other authors. Zope studied did not
differ significantly from other populations as regards the num-
ber of soft rays in anal, pectoral and pelvic fins (Table 8).

Compared to other populations, the investigated fish
had 64–73 scales in the lateral line (mean 69.90). Other
authors reported other ranges: 65–73 (Zukov 1965),
68–77 (Kompowski 1971a), 67–74 (Krzykawski et al.
1996), or even 63–76 (Rolik 1985) (Table 8).

The number of pharyngeal teeth seems to be stable. 
The same pattern (5–5) was observed by Kompowski (1971a),
Rolik (1985), Krzykawski and Gawliƒski (1986), Rolik and
Rembiszewski (1987), and Krzykawski et al. (1996).
Sporadically, other patterns were found, e.g. 5–4 (Rolik 1985,
Rolik and Rembiszewski 1987, Krzykawski et al. 1996), 
5–6 (Zukov 1965) or 4–4 (Aleksandrova 1966).

The number of external meristic features, which can be
used in taxonomical research, is limited. In order to expand
the range of such parameters one needs to include some ele-
ments of the skeleton, e.g. the vertebral column. The num-
ber of vertebrae is of special use in systematics and phylo-
genetic analyses of lower taxa (Dunn 1983, Howes 1987).
According to Vladykov (1934) more variable are vertebrae

Morphology of Abramis ballerus 97

Table 6

Comparison of standard lengths (x9) in samples of zope, Abramis ballerus, from different localities

x, mean



in the caudal part of the vertebral column. The total num-
ber of vertebrae in fish from the subfamily Cyprininae
never exceeds 48 (modal number 38–40), but in the sub-
family Leuciscinae the range is wider: 33–61 (modal num-
ber 40–45). An important feature is the range of predorsal
vertebrae which equals 9–14 and 10–19 in Cyprininae and
Leuciscinae, respectively (Howes 1987).

In the sample of zope examined, the range of the total
number of vertebrae amounted to 46–48 (47.38 mean). 

A similar number, 47–48, was determined by Rolik (1985)
and Rolik and Rembiszewski (1987). Populations of 
A. ballerus analysed by Krzykawski et al. (1994, 1996) are
characterized by 41–48 vertebrae. Similar results (40–46)
were stated by Zukov (1965). According to Kozhara et al.
(1996) the mean value ranged from 46.74 to 47.69. These
authors analysed the variation of the vertebral numbers in
seven cyprinid species, among others four species of the
genus Abramis. The samples represented the main portion
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Table 7

Mean values of some biometric characters of zope, Abramis ballerus (in % of standard length)

* statistically significant differences in means (P < 0.05, test for two means); x, mean

Table 8

Comparison of selected meristic characters of zope, Abramis ballerus, with data available in literature

x, mean



Morphology of Abramis ballerus 99

Fig. 1. The location of the sampling site of zope, Abramis ballerus, in the middle stretch of the Odra River

Fig. 2. Bones of the visceorocranium of zope, Abramis ballerus, from the middle stretch of the Odra River (291.6 mm in SL) with
pores of the sensory cephalic canals. Fig. 2a. Dental (dn) (Orig. J. Szlachciak).  Fig. 2b. Opercular bones (iop, interoperculum;
op, operculum; pop, preoperculum; sop, suboperculum). Fig. 2c. Circumorbitals (io, infraorbitals; spo, supraorbital)
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of its range within the former USSR. It has been deter-
mined that in cyprinid species the number of vertebrae
decreased southwards. Kozara et al. (1999) proved that
fish in lakes tend to have more vertebrae than in other
types of water bodies, even at the same latitude. 

There are still relatively few data on the morphology of
the lateral system of cyprinids. Hensel (1978) investigated
morphology of the lateral system in representatives of the
genera Abramis, Blicca, and Vimba, on the material from the
Danube River. Mironovskij (1988) determined the number
of bone pores in: preoperculum, operculum, dental, frontal,
and parietal for some A. ballerus populations collected in
different parts of the Volga River in the Caspian region. 

No data are available on the variability of the above-
mentioned characters of the zope populations in Poland. 

The extent of lateral system development in the repre-
sentatives of the genera Abramis, Blicca, and Vimba is
most likely associated with the fish’s lifestyle and habitat.
In A. ballerus, which is planktivorous species, there are
more neuromasts in the operculo-mandibular canal. The
benthofagous species, Vimba vimba and A. sapa show
fewer neuromasts in the same canal. Zope had the most
complete canal system (Hensel 1978).

A lower number of pores represents a primitive state
for this character in the subfamily Leuciscinae, to which
the genus Abramis belongs, whereas a higher number is a
derived feature (Bogutskaâ 1988, 1990).

Mironovskij (1988) stated that the characteristics and
the level of variability in the species under study were
determined largely by their ecology rather than phyloge-
netic relations. A decrease in the number of openings on
seismosensory canals was observed in species living in
brackish waters.

According to Hensel (1978) the most specialized
phyletic line is represented by A. ballerus and A. sapa.
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