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Background. One of the largest European populations of white bream, Blicca bjoerkna  (Linnaeus, 1758), can 
be found in the estuary of the Oder River. This fi sh is not only very abundant in this area but also attains sizes 
that have no match in other areas of central Europe.  In search for the clues behind such reproductive success we 
decided to study the annual development cycle of gonads of white bream from three sites in the lower Oder River, 
north-western Poland, differing in temperature regimes (depending on their position and the distance from the 
discharge outlet of the Dolna Odra Power Plant). 
Materials and methods. White bream individuals were obtained from the three sites as bycatch of commercial 
fi shing in 2009 and 2010. Three sites were sampled: (1) the Oder River above the power plant, (2) the warm-water 
canal with post-cooling water discharged from the power plant, and (3) Lake Dąbie, 20 km below the warm-water 
canal. The fi sh age was determined as 2+ through 9+. In total, 506 females and 190 males were designated for 
histological analyses. The analysis of the annual cycle of gonad development was performed in both sexes using 
histological methods. A standard paraffi n technique and Heidenhain’s iron hematoxylin staining were used.
Results. In the Oder River, spawning of white bream lasted from early May to late June. In Lake Dąbie, it exten-
ded until the beginning of July. The spawn was laid in 2 or 3 portions. In the warm-water canal spawning began 
one month earlier, in April. The bream males from the thermally unaffected Oder River were ready for reproduc-
tion approximately one month earlier than the females and maintained their reproductive potential similarly to 
the females. Males from the warm-water canal became sexually mature two months earlier (February) than those 
from the river above the power plant. 
Conclusion. In waters with elevated temperature, gametogenesis of white bream occurs without problems and the 
fi sh exhibit a typical pace of growth depending on the temperature. In the perspective of climate warming, white 
bream will be able to maintain its status of a common species in the natural waters of the region. 
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INTRODUCTION 
One of the largest and most viable European popula-

tions of white bream, Blicca bjoerkna  (Linnaeus, 1758), 
can be found in the estuary of the Oder River (on the Pol-
ish–German border. This fi sh is not only very abundant in 
this area but also attains sizes that have no match in other 
areas of central Europe.  Specimens weighing 1 kg are not 
an exception while in other European bodies of water they 
rarely exceed 25 cm (FL) (Lammens et al. 1992) or 300 g 
(Specziár et al. 1997, Kopiejewska and Kozłowski 2007). 
In the search for the clues behind such welfare and repro-
ductive success we decided to study the annual develop-
ment cycle of gonads of white bream from three sites in the 

lower Oder River, north-western Poland, differing in tem-
perature regimes. A good place for such observation was 
a thermal power plant Dolna Odra, situated some 100 km 
from the Baltic Sea. Thermal post-cooling effl uents from 
the power plant affect the river temperature, but this effect 
diminished with the distance from the discharge outlet.

White bream, Blicca bjoerkna, is a common cyprin-
id species present in the waters of almost entire Europe 
(Tadajewska 2000) although its economic signifi cance is 
rather minor. Its ubiquity, however, suggests that it is a 
very important component for the proper functioning of 
ecosystems (Kompowski and Neja 1999). White bream 
is a multiple spawner (Brylińska and Żbikowska 1997, 
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Lefl er et al. 2008). The available studies of the species 
consider its reproductive behaviour (Poncin et al. 2010), 
hormonal oogenesis regulation (Rinchard and Kestemont 
2003), analysis of gonads from selected months (Kopie-
jewska and Kozłowski 2007), as well as the full-year go-
nad development cycle only in females, but under ambient 
thermal conditions (Rinchard and Kestemont 1996, Lefl er 
et al. 2008). A broad analysis of ecological conditions 
favourable for the reproduction of white bream has also 
been conducted (Janáč et al. 2010). 

The temperature of the aquatic environment is one of 
the most important factors affecting fi sh development (Brett 
1979, Herzig and Winkler 1986, Jobling 2003). The water 
temperature also affects the characteristics associated with 
fi sh reproduction, such as sex determination, gametogen-
esis dynamics, gamete quality, fertility, fertilisation effec-
tiveness, age of sexual maturity, as well as the duration of 
the reproductive season (Breton et al. 1980, Billard 1986, 
Jafri 1989, Sandström et al. 1995, Alavi and Cosson 2005, 
Lahnsteiner and Mansour 2012, Domagała et al. 2013). 
Post-cooling water discharged from power plants into nat-
ural waters increases water temperature and alters the liv-
ing conditions of fi sh. In fi sh living under these conditions, 
accelerated gametogenesis was usually observed (Matth-
eeuws et al. 1981, Lukšjenė and Svedäng 1997, Lukšjenė 
et al. 2000). A negative effect on gonad development and 
abnormalities of oogenesis were observed (Luksjene and 
Sandström 1994, Lukšjenė and Svedäng 1997, Lukšjenė et 
al. 2000). Unusual changes in gonads, such as oocyte atre-
sia in early vitellogenesis, were observed in fi sh inhabiting 
endorheic bodies of water into which post-cooling water is 
discharged (Lukšjenė et al. 2000). Also, in locations where 
post-cooling water enters open waters, spawning abnor-
malities were observed in such species as Perca fl uviatilis 
Linnaeus, 1758; Rutilus rutilus (Linnaeus, 1758); and Esox 
lucius Linnaeus, 1758 (see Lukšjenė et al. 2000). 

No studies of the effect of temperature on the sexual 
cycle of either sex of white bream have been performed 
to date. The aim of this study was to analyse the annual 
gonad maturation cycle of white bream in three locations 
differing in thermal regimes (depending on their position 
and the distance from the discharge outlet of the Dolna 
Odra Power Plant): the Oder River, the warm-water canal, 
and Lake Dąbie. This study was intended to elucidate the 
dynamics of the reproductive cycle of white bream from 
north-western Poland and the potential effect of elevated 
temperature on the cycle. 

MATERIAL AND METHODS 
The adult males and females of white bream, Blicca 

bjoerkna  (Linnaeus, 1758) (Cyprinidae), from popula-
tions inhabiting three water bodies under different tem-
perature regimes were investigated: 
• The eastern branch of the Oder River, up to 20 km up-

stream from the Dolna Odra Power Plant; 
• The warm-water canal, 200 m downstream from the 

post-cooling water discharge outlet of the Dolna Odra 
Power Plant, Nowe Czarnowo, near Gryfi no, NW Po-
land (53°11′N, 14°29′E);  

• Southern part of Lake Dąbie, 20 km downstream from 
the Dolna Odra Power Plant.  

The Oder River estuary extends more than 100 km in-
land from the Baltic Sea from the point where the river 
bifurcates forming two major branches (eastern and west-
ern) and a multitude of interconnecting canals. A shallow 
fl ow-through Lake Dąbie is located in the midway to the 
sea not far away from the Szczecin Lagoon, which is sep-
arated from the Baltic by two large post-glacial islands: 
Wolin and Usedom.

The warm-water canal of the power plant is relatively 
deep and fast fl owing. Its mean water temperature is by 
6–8ºC higher than that of the river upstream and in the 
warmest months the water temperature reaches 26–30ºC 
(Domagała and Kondratowicz 2005, Domagała and 
Pilecka-Rapacz 2007). Water temperature at the fi rst and 
the third site was similar. The characteristics of the tem-
perature in the studied period in the three locations are 
presented in Fig. 1. 
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Fig. 1. Water temperature within 2009–2010 in the area 
studied; Δ = Oder River; □ = Lake Dąbie; ○ = warm-wa-
ter canal; Reprinted from Journal of Applied Ichthyol-
ogy (Domagała et al. 2015) with permission from John 
Wiley & Sons Ltd.

White bream were caught as bycatch by commercial 
fi shermen who used gillnets at the three aforementioned 
sites between September 2009 and August 2010, from one 
to four times a month at each site. Altogether, 506 females 
and 190 males were designated for histological analyses. 
Once numerous samples were collected, ovaries for a de-
tailed assessment of maturation stage based on the value 
of the gonadosomatic index (GSI) were selected (Table 1). 
The fi sh age was determined as 2+ through 9+ based on the 
analysis of rings on the collected scales. The total length 
(TL) and standard length (SL) of each fi sh specimen were 
measured to the nearest 1 mm and each fi sh was weighed 
on an electronic scale to the nearest 0.1 g. Then, the go-
nads were dissected, fi xed in Bouin fl uid, and weighed to 
the nearest 0.1 mg. Two parameters were calculated: the 
Fulton condition factor (K) and the gonadosomatic index 
(GSI) using the respective formulas: 

K = 100Wg · TL–3
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and 

GSI = 100Wg · Wb
–1

where: TL is the total length of fi sh [cm], Wg is the gonad 
weight [g], and Wb is the total fi sh weight [g].

For histological analysis gonad fragments 0.5 cm in 
length were cut out from the middle part of the gonad and 
processed using a standard paraffi n technique. Between 50 
and 100 sections were made from each gonad. Five-μm-
thick sections were regressively stained with Heidenhain’s 
iron hematoxylin. The histological slides were analysed 
and measured under a light microscope Nikon Eclipse 80i 
and photographic documentation was made using the pro-
gram NIS Elements 3.20 and a digital camera Nikon DS-
5Mc-U2, of 5 mln pixel resolution. 

There were three principal reasons for 
 DOIng histological evaluation of female gonads 

of white bream: 
• Determining their maturity—6 degree scale applied in 

Sakun and Buckaâ (1963);
• Determining the size of oocytes in particular stages of 

development and in individual months; 
• Identifying the number of degenerating oocytes. 

The following histological measurements were made:
• The most developed oocytes from the most developed 

gonads in a given month (5 females from each site, 30 
oocytes measured from one gonad);

• Oocytes from each stage of development from all sites 
(10 gonads representing each stage, 30 oocytes mea-
sured from one gonad); 

• Oocyte size at vitellogenesis in the stage of vacuolisa-
tion, yolk accumulation and completion of vitellogen-
esis. 

The guidelines provided by Wallace and Selman 
(1981) were used for oocyte identifi cation. The measure-
ments were made to the nearest 0.01 m. The oocyte di-
ameter was calculated from measurements of the longest 
and shortest diameters of the mid cross sections of the oo-
cyte (Hunter and Goldberg 1980).

The sexual cycle of males was described using modi-
fi ed 6-stage scale proposed by Sakun and Buckaâ (1963). 
The division into early and late substages of the stages 
II (IIE and IIL) and III (IIIE and IIIL) was introduced, as 
well as overlapping of the gonadal cycles designated  as 
substages VI-I and VI-II.

• Stage I: type A spermatogonia occurring in seminiferous 
tubules; small amounts of residual spermatozoa from 
the previous cycle can also be found;

• Stage II: cysts with type B spermatogonia occurring in 
seminiferous tubules; small amounts of residual sper-
matozoa from the previous cycle can also be found;
• IIE: early stage; the seminiferous tubules are fi lled 

with type A spermatogonia; few cysts with type B 
spermatogonia are formed, with up to approx. 
10 cells visible in the cross-sections of the cyst 

• IIL: late stage; the seminiferous tubules contain nu-
merous cysts with more than 10 type B spermatogo-
nia in the cyst;

• Stage III: primary spermatocytes and consecutive cells 
of the spermatogenesis appearing in seminiferous tu-
bules; the fi rst spermatozoa can be found, efferent duct 
without spermatozoa;
• IIIE: early stage; the seminiferous tubules contain 

cysts with type B spermatogonia and primary sper-
matocytes; 

• IIIL: late stage; the seminiferous tubules contain nu-
merous cysts with all types of spermatogenic cells 
from spermatogonia type A to spermatozoa; the ef-
ferent duct without spermatozoa;  

• Stage IV: seminiferous tubules contain cells at all sper-
matogenetic stages (from type A spermatogonia to sper-
matozoa); the tubule lumen and the efferent duct fi lled 
with numerous spermatozoa; 

• Stage V: gonad with fi nalized spermatogenesis; the sem-
iniferous tubules are fi lled with numerous spermatozoa; 
no younger spermatogenic cells or scarce cysts with 
younger spermatogenic cells have been observed; the 
efferent duct fi lled with milt; 

• Stage VI: spent gonads, seminiferous tubules contain-
ing small number of residual spermatozoa, efferent duct 
may contain spermatozoa;

• Stage VI-I: only type A spermatogonia occurring in tu-
bule wall;

• Stage VI-II: type A spermatogonia and cysts with type B 
spermatogonia start forming adjacent to the tubule wall

Statistical analysis. The nonparametric Kruskal–Wallis test 
and following multiple comparisons were used to compare 
the characteristics of the fi sh: body length and weight, condi-
tion coeffi cient (K), gonadosomatic index (GSI), and oocyte 
size. All analyses were performed at the signifi cance level of 
0.05 using the Statistica v.10 software (StatSoft, Inc.).

Table 1
Number of individuals of white bream, Blicca bjoerkna, used in the histological study

Sampling site Sex
Number of fi sh per month

Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Oder River ♀ 18 13 20 22 30 13 33 9 20 17 11 21 205
♂ 1 2 2 22 15 3 5 1 1 2 2 2 58

Lake Dąbie ♀ 8 10 17 21 25 15 11 9 8 25 16 22 187
♂ 3 2 2 25 40 20 3 1 1 10 2 3 112

Warm-water canal ♀ 4 12 35 8 10 6 17 9 4 9 114
♂ 2 2 4 5 4 1 1 19
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RESULTS 
Principal somatic parameters of fi sh. The caught fi sh 
were at the age of 2 and above. The number of the sampled 
white bream males was much lower than that of the females. 
In some months, only single individuals were caught (Table 
1). The length, weight, and condition factor of the studied 
white bream differed signifi cantly between sexes (Kruskal–
Wallis test, H = 134.4, df  = 5, P < 0.05; H = 166.4, df  = 
5; P < 0.05, and  H=148.4, df  = 5, P < 0.05, respectively). 
Body length and weight of the females caught at individ-
ual sites were signifi cantly higher than those of the males 
collected at the same sites (P < 0.05). The length, weight, 
and condition factor of the females from three locations 
studied did not differ signifi cantly (P > 0.05). Also in the 
males caught in the three locations, these features did not 
show statistically signifi cant differences between samples 
(P > 0.05). The condition factor of the males from natural 
waters was lower than that of females (P < 0.05), while the 
K value of the males from the warm-water canal was simi-
lar in both sexes of the fi sh caught in other studied locations 
(P > 0.05) (Table 2). 

The smallest maturing female was 14.3 cm long (SL) 
and was caught in Lake Dąbie. In March and April, also sin-
gle large females, 30–34 cm in length, with gonads which 
would not mature in that season were caught in this location. 
The males that underwent sexual maturation in the three 
investigated bodies of water were longer than 8.5 cm. In 
parallel, in the two investigated natural habitats there were 
males with body sizes of 23–28 cm that did not undergo 
sexual maturation in the investigated reproductive season. 
Variation of GSI in females.  In each month of spawn-
ing, gonads were divided into 2 groups. One group were 
pre-spawning gonads, while the other group were spawn-
ing gonads. The highest GSI values in the investigated 
white bream were observed in the spring. Mean month-
ly values are presented in a chart (Fig. 2A). However, if 
fi sh in each location are divided according to the prepara-
tion for spawning from April to June, the females belong 
to one of two groups: the group with pre-spawning and 
spawning gonads and the group with post-spawning go-
nads, which is refl ected in the GSI values. The average 
GSI values (mean  ± standard deviation) in the group of 
females from the Oder River with pre-spawning gonads 

in April, May, and June were 12.79 ± 4.27, 15.86 ± 2.70, 
and 13.44 ± 1.31, respectively, while in the post-spawn-
ing group, the values in May and June were 4.66 ± 1.26 
and 2.31 ± 2.47, respectively. GSI of the pre-spawning 
group from Lake Dąbie in these months was 11.88 ± 4.68, 
14.32 ± 1.26, and 8.85 ± 1.87 respectively, whereas GSI 
in the post-spawning group was 4.66 ± 1.61 and 2.63 ± 
1.26, respectively. GSI of the white bream caught in the 
warm-water canal in April and May just before spawn-
ing was 9.63 ± 1.20 and 18.25 ± 1.25, respectively, while 
GSI after spawning was 0.89 ± 0.50 and 0.75 ± 0.89, re-
spectively. The highest GSI value of 23.0 was observed in 
single females caught in May in the Oder River and Lake 
Dąbie. GSI was the lowest in July, as gonads in all females 
were in the post-spawning state, and the mean values in 
the white bream from the Oder River and Lake Dąbie were 
1.20 ± 0.78 and 1.19 ± 0.73, respectively. In the subse-
quent months, GSI gradually increased and a pronounced 
increase in its value occurred in the white bream from all 
sites between August and November, with the highest val-
ues just before spawning (March–May). 

Variation of GSI in males. During the year, gonad 
weight and the gonadosomatic index fl uctuated along with 
the sexual cycle (annual changes in GSI are shown in Fig. 
2B). The high GSI values were observed in white bream 
from the Oder River and Lake Dąbie in April. Mean GSI in 
the individuals from the Oder fi nalizing their spermatogen-
esis (stages IIIL to V) in that month was 7.18 ± 1.53 (mean  
± standard deviation), ranging from 2.59 to 9.03, while for 
individuals caught in Lake Dąbie in that month, the mean 
index was 5.26 ± 1.88, ranging from 1.5 to 8.4. In April, 
in addition to the individuals fi nalizing their spermatogen-
esis, individuals at stage I, IIL, and IIIE were caught. In the 
warm-water canal, mature male gonads at stage IV were 
found as early as in February, with GSI of 7.98 in this partic-
ular male. In May and June individuals ready for spawning 
in natural waters have a lower value of GSI than in April. A 
large reduction in the values of the parameter was reported 
in the Oder population in July (mean GSI = 0.35 ± 0.36), 
with individuals at stage IIE characterized by GSI of 0.76 
± 0.18 and stage I of 0.08 ± 0.05. From September, gonad 
weight and the GSI values slowly increased until the fol-
lowing spring, i.e., the next reproductive season (Fig. 2B). 

Table 2
Characteristics of the examined white bream, Blicca bjoerkna from three sites in the lower Oder River

Sex Site n
Total length [cm] Standard length [cm] Fish weight [g] Fulton condition factor

Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range

Fe
m

al
e Oder 205 29.88 ± 3.50a 22.0–40.0 24.42 ± 3.23a 17.8–36.5 405.46 ± 145.64a 125.5–817.9 1.43 ± 0.24a 0.57–2.73

Dąbie 187 29.02 ± 4.9a 14.3–42.0 24.06 ± 3.42a 12.6–34.4 395.34 ± 159.92a 78.3–971.4 1.43 ± 0.19a 0.73–2.88
WWC 132 28.33 ± 3.23a 15.5–37.9 23.14 ± 3.33a 14.5–31.4 339.95 ± 151.67a 32.3–733.1 1.38 ± 0.18a 0.94–2.41

M
al

e Oder 58 25.61 ± 4.43b 15.1–37.2 21.44 ± 3.21b 13.1–28.9 237.82 ± 133.50b 33.4–663.8 1.27 ± 0.18b 0.71–1.63
Dąbie 112 24.84 ± 6.00b 11.6–41.5 20.00 ± 5.19b    8.5–33.6 217.79 ± 160.69b 17.0–844.8 1.20 ± 0.12b 0.91–1.47
WWC 19 21.88 ± 5.85b   9.7–32.0 17.38 ± 5.00b    7.8–26.4 179.74 ± 134.98b 8.2–399.8 1.32 ± 0.25ab 0.90–1.82

Oder = Oder River, Dąbie = Lake Dąbie, WWC = warm-water canal, SD = standard deviation; Values marked with different superscript 
letters show signifi cant differences between the features (P < 0.05, ANOVA Kruskal–Wallis test).
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Fig. 2. Monthly distribution of Gonadosomatic Index 
(GSI) of white bream, Blicca bjoerkna; Females (A); 
and males (B) from the study areas: Δ Odra River; 
□ Lake Dąbie; ○ warm-water canal; Values marked 
with different letters (a, b) show signifi cant differences 
between the features in the study area in a particular 
month (P < 0.05, ANOVA Kruskal–Wallis test); Due to 
the low number of males caught, the statistic was not 
performed for that sex; mean ± SD

Reproductive cycle of females—Oder River. In mid 
July, white bream females had post-spawning gonads with 
regenerating oocytes at stage II and III (onset of vitello-
genesis). The gonads contained degenerating oocytes from 
the previous pool that had not been laid in the spawning 
season (Fig. 3A). In August, all gonads were at stage III, 
with multiple lipid droplets. In September, gonads also 
contained oocytes at stage III, but these were larger than 
the oocytes from the preceding month. In the gonads from 
August and September, still present were degenerating 
oocytes not released during spawning (Fig. 3B). In Oc-
tober, the majority of females had gonads with stage IV 
oocytes. However, the remaining females caught in that 
month still had gonads at stage III. Between November 
and March, all females had gonads at stage IV. In these 
gonads, among the more mature vitellogenic oocytes were 
dispersed oocytes in previtellogenesis (Fig. 3C). In mid-
April, egg yolk deposition in oocytes and the fi nalization 
of vitellogenesis occurred. In the fi rst days of May, mi-

gration of the nuclei toward the poles of oocytes, which 
reached their maximum size, i.e., stage V, was observed. 
Also, in early May, degenerating oocytes (Fig. 3D) were 
observed in post-spawning gonads fi lled with another por-
tion of stage III oocytes in advanced vitellogenesis (Fig. 
3E). Stage V was observed in white bream females un-
til mid-June. In the second half of that month, all white 
bream caught had post-spawning gonads characterized 
by the atresia of oocytes that had not been laid during 
spawning. In these gonads, oocytes at stage III that could 
possibly still mature in the same season and be laid in a 
subsequent portion were present (Fig. 3F). Spawning of 
the white bream from that location occurred in portions, 
with the beginning in the fi rst half of May and the end in 
late June.  

Detailed percentage of females with gonads at each 
maturity stage is shown in Fig. 4A.

Reproductive cycle of females—Lake Dąbie. In 
early July, the gonads of some white bream females con-
tained oocytes in advanced vitellogenesis just before lay-
ing. Other females probably had already deposited their 
last portion of eggs. Their gonads contained envelopes 
of laid oocytes, degenerating oocytes not laid during 
spawning, as well as the next pool of oocytes at stage II 
or early stage III (single lipid droplets). Females caught 
in mid-July had gonads with degenerating post-spawn-
ing oocytes, probably constituting the last portion, as 
other oocytes were in stage II and would not mature in 
that season. In late July, females whose gonads contained 
mature oocytes were caught, some of which was in the 
process of degeneration. These females probably did not 
manage to depose the fi nal portion of eggs. At the end of 
that month, females with gonads containing stage III oo-
cytes and degenerating post-spawning oocytes were also 
caught. From September to July, the gonads of females 
from that location had a similar appearance as the go-
nads of the females from the Oder River. The spawning 
of white bream in this location ended one month later 
than in the Oder River and was divided into at least 2 
clearly distinguishable portions. 

Some gonads developed asynchronously: apart from 
oocytes in vitellogenesis, approx. 50% of gonad section 
was occupied by oocytes in previtellogenesis and at the 
onset of vitellogenesis.

Detailed percentage of females with gonads at each 
maturity stage is shown in Fig. 4B.
Reproductive cycle of females—warm-water canal. In 
August, females with stage II gonads containing degen-
erating oocytes not laid during spawning were caught. 
In September, all gonads were at stage III and contained 
open envelopes, the remainder of the deposed oocytes. 
Between October and March, gonads were at stage IV.  
In the gonads of one female caught in February, 1/3 of 
its gonad section consisted of degenerated oocytes, while 
the remaining part consisted of stage IV oocytes. In April, 
most females had gonads with oocytes in vitellogenesis, 
but in single females, additional groups of oocytes in 
previtellogenesis could be observed. At the beginning of 
May, the females had gonads in advanced vitellogenesis 
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and post-spawning gonads. Therefore, spawning in this 
body of water could take place at the beginning of April. 
White bream specimens with post-spawning gonads con-
taining multiple oocytes in vitellogenesis (the following 
portion) were caught in a small shallow, separated gulf, 
where the conditions were appropriate for spawning. Oth-
er white bream specimens, due to strong water current in 
the middle part of the Canal, probably moved below the 
Canal for spawning. Based on the collected material, we 
may assume that two portions of eggs were deposited in 
the warm-water canal, the fi rst portion in April and the 
second portion in early May. In June and July, no mature 

white bream females were caught in this body of water 
and therefore it is diffi cult to determine the date of the 
completion of spawning. Detailed percentage of females 
with gonads at each maturity stage during the calendar 
year is shown in Fig. 4C.
Reproductive cycle of females—oocyte size. The white 
bream females from the warm-water canal had the smallest 
oocytes during gonad recovery after spawning (Table 3). 
The females from this location also had the largest oocytes 
at the end of vitellogenesis compared to those from the 
other two sites (Fig. 5). 

Fig. 3. Gonad of a female white bream, Blicca bjoerkna, after spawning with numerous degenerated oocytes (arrows); 
A: July; B: September; C: asynchronous development of the gonads, with oocytes in vitellogenesis (V) and in pre-
vitellogenesis (P), October; D: with numerous degenerated oocytes (arrows), early May; E: after spawning, with 
degenerated oocytes (arrows), second half of May; F: with numerous degenerated oocytes, December; Scale bar: 200 
μm in all images
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rednia; W s: rednia±0,95 Przedz. ufn.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

0

200

400

600

800

1000

1200

O
oc

yt
es

 d
ia

m
et

er
 [μ

m
]

a a
a a

a

a

a

a

a
a

a

a
a

a
a

a

ab

b

b

b

b

b

b
b

c

c

c
c

b b b

b b b b

Fig. 5. Monthly distribution of the diameter of the 
most developed oocytes of white bream, Blicca 
bjoerkna, from the study areas: Δ Oder River; 
□ Lake Dąbie; ○ warm-water canal; Values marked with 
different letters (a, b, c) shows signifi cant differences 
between the features in study area in a particular month 
(P < 0.05, ANOVA Kruskal–Wallis test); mean ± SD

Reproductive cycle of males—Oder River. In the lower 
Oder River, the investigated white bream males remained 
ready for reproduction from mid-April to the late June. The 
highest percentage of males ready for spawning was ob-
served in May. After spawning, in July, male gonads were 
at stage I (Fig. 6A) or early stage II. In the latter case, the 
formation of cysts with type B spermatogonia began in tu-
bules. The cyst contained up to 10 cells. In the following 
months, from August to January, the gonads of all caught 
males reached substage IIL (Fig. 6B). In the autumn and 
winter, the number of type B spermatogonia in cysts in-
creased from 20–30 cells observed in cyst cross-sections in 
August to 50 in January. Sporadically, individuals remain-
ing at stage I were recorded. In February, some individuals 
reached early stage IIIE. In the testes of these males, primary 
spermatocytes appeared. In the gonads of other males, no 
initiation of meiosis by germ cells was observed and the 
gonads were at stage IIL. In March, the histological im-
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Fig. 4. Percentage contribution of the number of white 
bream, Blicca bjoerkna, females with gonads at partic-
ular stage of maturity in individual months of the cal-
endar year from the three aquatic environments: Oder 
River (A), Lake Dąbie (B), warm-water canal (C)

Table 3
Oocyte size at different stages of vitellogenesis in white bream, Blicca bjoerkna, 

from three sites in the lower Oder River

Stage

Sampling site

Oder River Lake Dąbie Warm-water canal

Mean ± SD Range Mean ± SD Range Mean ± SD Range
Previtellogenesis 200.81 ± 27.885a 151.28–256.05   218.13 ± 26.70b 165.08–278.48   201.39 ± 21.25a 152.48–277.78
Vacuolisation 223.33 ± 30.09a 176.24–273.94   289.00 ± 28.26ab 251.48–350.35   210.26 ± 22.33b 167.23–270.34
Maximum fi ll 406.96 ± 30.09a 345.30–492.13   418.78 ± 48.83a 296.40–507.27   325.16 ± 40.81a 252.14–405.73
Yolk 424.76 ± 49.87a 335.14–511.80   496.55 ± 24.54c 455.51–529.39   441.39 ± 26.005b 389.95–494.92
Vitellogenesis 987.92 ± 42.87a 899.34–1057.21 1115.01 ± 58.36a 966.61–1231.84 1102.23 ± 53.86b 915.44–1186.39

Stages: Vacuolisation = beginning of vacuolisation, Maximum fi ll = maximum fi ll level oil drops, Yolk = fi rst occurrence of the yolk, 
Vitellogenesis = vitellogenesis completed; Values marked with different superscript letters show signifi cant differences between the 
features (P < 0.05, ANOVA Kruskal–Wallis test).

O
oc

yt
es

 d
ia

m
et

er
 [μ

m
]



Domagała et al.292

* Gürsoy Ç. 2001. Sapanca Gö lü’nde Tahta (Blicca bjoerkna L. 1758) ve Eðrez (Vimba vimba L. 1758) Balý klarý ný n Eþeysel Olgunluða Eriþme Bü yü klü kleri ve Yumur-
ta Verimlilikleri.  [Size at maturity and fecundity of white bream (Blicca bjoerkna L. 1758) and Baltic vimba (Vimba vimba L. 1758) fi sh populations in Lake Sapanca.] 
MSc Thesis, Istanbul University, Istanbul. [In Turkish.] 

age of the gonads was similar as in the preceding month. 
In April, individuals at very different stages of maturity, 
from stage IIL to stage V, were observed. In the individu-
als at stage IIIL, the fi rst spermatozoa appeared (Fig. 6C). 
At stage IV, spermatozoa fi lled both the lumen of the sem-
iniferous tubules and the efferent ducts, while less devel-
oped cells underwent maturation in (still) numerous cysts 
at the tubule wall (Fig. 6D). In the individuals at stage V of 
maturity, spermatogenesis in the seminiferous tubules was 
almost completed and the lumen of the tubules was fi lled 
with spermatozoa (Fig. 6E). In May, maturing individuals 
were at stage IV or V. In that month, the highest percentage 
of males ready for spawning was recorded, but there were 
also few individuals at substage IIE. In June, one-third of 
males were still ready for reproduction (stage V), while the 
remaining males were at stage I or IIL. A small quantity of 
spermatozoa from the late reproductive season was found 
in one individual. In July, gonads containing spermatozoa 
were no longer observed, and the males were at stage I and 
early stage IIE. Detailed percentages of males with gonads 
at each maturity stage during the calendar year are shown 
in Fig. 7A.
Reproductive cycle of males—Lake Dąbie. Similarly as 
the males from the Oder River, those caught in Lake Dą-
bie remained ready for reproduction in the same period, 
i.e., from early April through late June. In May, this site 
was characterized by the highest percentage of males with 
spawning gonads (stage IV and V). However, this site was 
also characterized by a slightly earlier (in February) occur-
rence of the fi rst spermatozoa in gonads (stage IIIL) than in 
the river above the power plant. Individuals at stage IV were 
recorded at this site as late as in June. In the white bream 
specimens from Lake Dąbie, the dynamics of gonad recov-
ery after spawning was similar to that of the white bream 
specimens from the Oder River. Post-spawning gonads 
were observed occasionally (stage VI-II) (Fig. 6F), while 
the unreleased remaining spermatozoa from the completed 
cycle were present only in very small quantities until the 
end of December. The post-spawning substage VI-II was 
found in only one individual from this site in June. In this 
month, gonads at substage IIE or stage I were also found. 
Detailed percentages of males with gonads at each maturity 
stage during the calendar year are shown in Fig. 7B. 
Reproductive cycle of males—warm-water canal. The 
study material from that location was obtained with dif-
fi culty. At this site, single males with spawning gonads 
(stage IV) were recorded as early as in February, two 
months earlier than in the waters supplying the Canal and 
Lake Dąbie. In the subsequent months, individuals at stag-
es IV and V of gonad development were also caught. In 
June and July, no white bream males were caught at this 
site. After the reproductive season, the level of development 
of gonads in the white bream from the Canal correspond-
ed to stages I and IIL. Detailed percentages of males with 
gonads at each maturity stage during the calendar year are 
shown in Fig. 7C.

DISCUSSION 
White bream, along with common roach and common 

bream, constitutes the most signifi cant group of freshwa-
ter fi shes in the central part of Europe (Tadajewska et al. 
1997, Molls 1999, Tátrai et al. 2003, Matondo et al. 2007, 
Wiśniewolski et al. 2009). Cyprinids, including white 
bream, are a fl exible group that adapts well to eutrophic 
conditions (Persson et al. 1991, Lammens et al. 1992, Olin 
2009), although they tend to avoid acidifi ed waters (Leuven 
et al. 1987). They are characterized by a high fertility and 
fl exibility of reproduction (Barthelmes 1983). In the inves-
tigated sites, more females than males were caught, there-
fore the results for males were based on a lower number 
of specimens. In other locations, females also quantitative-
ly dominated over males, with a female-to-male ratio of 
1 : 0.35 in Lake Kuş (Balık et al. 1999—cited after Yılmaz 
et al. 2012), and 1 : 0.53 in Lake Sapanca (Hamalosmanoğ-
lu 2003—cited after Yılmaz et al. 2012), although other au-
thors recorded more equal proportions of the sexes: 1 : 1.07 
in Lake Sapanca (Gürsoy unpublished*) and 1 : 0.98 in 
Ladik Lake (Yılmaz et al. 2012, 2015).

The white bream specimens we analysed were in a 
good condition, similar to those caught in other locations 
(Okgerman et al. 2012, Yilmaz et al. 2012).  The females 
in the study were larger and heavier than the males, simi-
larly as in other studies (Okgerman et al. 2012). 

White bream in Poland reaches its sexual maturity at 
the age of 2 to 7 years and the length of 5.5 to 20.2 cm 
(Tadajewska 2000). According to other authors, mature 
individuals are aged 3+ (14.7 cm) or 4+ (18.6 cm) (Koli 
1990, Okgerman et al. 2012). Some males become mature 
as early as at the age of 2, while females at the age of 3–5 
(Okgerman et al. 2012). The smallest maturing males we 
caught were 8.5 cm long (SL) (age 2+), while females 
with mature gonads were aged 3+ and 10 cm long. In the 
two investigated natural habitats, there were males with 
body sizes of 23–28 cm that did not undergo sexual matu-
ration in the investigated reproductive season.

The breeding season of white bream is extended in 
time, since the eggs are laid several times, in 2 or even 
3 portions (Tadajewska 2000). However, Kopiejewska 
and Kozłowski (2007) concluded that some white bream 
females have an undetermined type of reproduction with 
one or several portions of eggs laid. The egg laying lasts 
from 35 to 75 days (Kopiejewska 1996) and from 21 to 
52 day by Spivak (1987). According to Mann et al. (1984), 
the number of portions of laid eggs depends on the abun-
dance of fi sh in a given body of water and on geographic 
latitude. 

Spawning period in the majority of the analysed white 
bream specimens from the natural waters of the Oder Riv-
er and Lake Dąbie was similar, although slightly longer 
in Lake Dąbie and it lasted from early May to late June 
or even early July. Ovaries with ripe oocytes were seen 
as late as in July, although these were single cases. In 
other locations in Europe: northern Russia (Berg 1949), 



Sexual cycle of white bream from three sites differing in temperature 293

Belgium (Rinchard and Kestemont 1996, 2003), Germany 
(Spratte and Hartmann 1997, Molls 1999), spawning usu-
ally occurs in a similar period: begins in May and ends in 
June. The earliest spawning period was observed in Tur-
key in mid-April, in Lake Kuş (Balık et al. 1999—cited 
after Yılmaz et al. 2012, 2015) and late April in Lake Sa-
panca (Okgerman et al. 2012). Spawning occurring only 
in May was reported in Russia (Slastenenko 1956—cited 

after Yılmaz et al. 2012) and Austria (Hacker 1979), while 
the latest ending date, July, was observed in Finland (Koli 
et al. 1990) and Turkey (Okgerman et al. 2012).

In the investigated white bream, early vitellogene-
sis took place in August and from that month, a steady 
advance of gonad recovery was observed, similarly as 
in the white bream from Hungary (Lefl er 2010) and in 
some white bream from the Meuse River (Rinchard and 

Fig. 6.  Male gonad of white bream, Blicca bjoerkna; A: A white bream male gonad at stage I of maturation, by the tu-
bule wall type A spermatogonia occurred, July; B: A gonad at late stage II, the tubules contain numerous cysts with 
multiplying type B spermatogonia, October; C: A gonad at late stage III, all types of spermatogenic cells are visible 
in the gonad, April; D: Spawning stage IV, the tubule lumen is fi lled with spermatozoa, by the tubule wall numerous 
cysts with maturing cell occurred, April; E: Spawning stage V, a gonad with fi nalized spermatogenesis, tubules fi lled 
with spermatozoa, the tubule wall contains only resting type spermatogonia A, May; F: A spent gonad at stage VI-II; 
Shrunken tubules fi lled with unexpelled spermatozoa; The tubule wall contains type A spermatogonia and cysts with 
type B spermatogonia (arrow), June; Scale bar: 50 μm in all images
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Kestemont 1996). According to Rinchard and Kestemont 
(1996), the long spawning period and low temperatures in 
the autumn cause delays in the growth of oocytes in vitel-
logenesis of white bream. According to these authors, cy-
prinids that spawn in portions are characterized by a long 
rest period of gonads. Kopiejewska and Kozłowski (2007) 
also reported that the vitellogenesis in white bream gonads 
starts in the spring. These changes are visible based on the 
gradual increase in GSI and the increasing diameter of the 
largest oocytes. In most white bream females, vitellogen-
esis occurs in the spring (Trâpicyna 1975, Kopiejewska 
1996, Kopiejewska and Kozłowski 2007). The presence 
of oocytes of trophoplasmatic growth in the autumn and 
winter may indicate high adaptive abilities of the species 
(Kopiejewska and Kozłowski 2007). Prior to the spawning 
period, in the gonads of the analysed white bream females, 
the variability of the pool of younger oocytes decreased, 
which was also observed by other authors (Kopiejewska 
and Kozłowski 2007, Rinchard and Kestemont 1996). 

The size of oocytes at the different stages of devel-
opment was similar to reported for the white bream from 
the Meuse River (Rinchard and Kestemont 1996), and the 
diameter of the most developed oocytes was smaller than 
that reported by Lefl er (2010) (Table 4). The smaller size 
of oocytes in completed vitellogenesis in the females from 
the warm-water canal may be a result of the infl uence of 
temperature on the endocrine system and the rate of vitel-
logenin uptake into the oocyte (Tyler and Sumpter 1996).

The stages of reproductive cycle of cyprinid fi sh, in-
cluding white bream, have been determined mostly in fe-
males (Kopiejewska 1996, Rinchard and Kestemont 1996, 
Kopiejewska and Kozłowski 2007, Lefl er et al. 2008). No 
histological studies on the sexual cycle of the testis have 
been published. The male gonads of the investigated white 
bream during winter were at stage II, with some individ-
uals starting meiosis as early as in February. In other cy-
prinids, gonads enter stage III earlier, even in the autumn 
(Mattheeuws et al. 1981, Billard 1986, Domagała et al. 
2015). Another feature of the cycle was the quick clean-
ing of the seminal tubules from spermatozoa not expelled 
during mating. 

Table 4
Oocyte diameter [μm] of while bream, Blicca bjoerkna, at different stages of gonad maturity 

in different study areas

Study area and reference
Gonad maturity stage

Yolk 1 Yolk 2 Maturation
Meuse River (Rinchard and Kestemont 1996) 300–450 550–1100 750–1150
Lake Kortowskie (Kopiejewska and Kozłowski 2007) — — 565–1285
Danube River (Lefl er 2010) — — 1500
Lake Balaton (Lefl er 2010) — — 1400
Oder River (this paper) 351–492 512–1117 899–1057
Lake Dąbie (this paper) 347–507 529–1176 967–1232
Warm-water canal (this paper) 295–478 495–1128 916–1186

Yolk 1 = oocytes are full of yolk vesicles, Yolk 2 = oocytes accumulate yolk globules and yolk vesicles.
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Fig. 7. Percentage contribution of the number of white 
bream, Blicca bjoerkna, males with gonads at particular 
stage of maturity in individual months of the calendar 
year from the three aquatic environments: Oder River 
(A), Lake Dąbie (B), warm-water canal (C)
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The analysed white bream females from all sites had 
the highest GSI (above 20) before and during spawning. 
The white bream specimens of the Meuse River had the 
highest GSI (14.5) just before spawning (Rinchard and 
Kestemont 1996), while those from Lake Sapanca had 
GSI slightly above 15 (Okgerman et al. 2012). In the 
spawning season, the GSI values of the investigated fi sh 
decreased systematically, which is related to depositing 
consecutive portions of eggs and has also been observed 
in white bream specimens from other locations (Rinchard 
and Kestemont 1996). According to our observations, the 
following group is ready for laying eggs after approx. 
3 weeks. Taking into account gonad weight, GSI and the 
histological structure of gonads, it seems that the investi-
gated white bream specimens deposit at least 2 portions 
of eggs in one season. In the analysed fi sh, the period 
of gonad recovery after spawning lasted a few weeks in 
July, similarly as in the fi sh of the same species in the 
Danube, Lake Balaton, and the Meuse River (Rinchard 
and Kestemont 1996, Lefl er 2010). The repeated rapid 
increase in GSI starting from August was a result of an 
intense growth of oocytes, which in turn was a result of 
nutrient accumulation in early vitellogenesis. This process 
was also described by Lefl er (2010), who demonstrated 
that high GSI values in white bream specimens from the 
Danube in August (3.8) are a result of oocyte growth as 
an effect of increasing progesterone levels. The comple-
tion of exogenous vitellogenesis in white bream occurred 
before spawning and the vitellogenic activity of the liver 
decreased during spawning. This phenomenon is contrary 
to that observed in other multispawner cyprinid species, 
e.g., Alburnus alburnus (Linnaeus, 1758) (see Rinchard 
and Kestemont 2003). 

In the studied white bream males from the Oder Riv-
er, the highest GSI values were those recorded at the be-
ginning of reproductive season, similarly as in the white 
bream investigated by Okgerman et al. (2012). The maxi-
mum GSI observed by these authors was 10.7. In our study, 
the mean value of the index was 7.1, while it reached 11.3 
in individual animals. 

In Poland white bream spawning occurs in water at 
9.6–19.4ºC but the temperature preferred by this species 
is 20–24ºC (Tadajewska 2000). In Lake Sapanca, breed-
ing takes place at 13.7–28.5ºC (Okgerman et al. 2012). 
According to Spivak (1987), in the Kahovka Reservoir, 
spawning of white bream occurs at the temperature of 
12–23ºC. The second portion of eggs is laid in July at 
18–29ºC (Lefl er 2010). White bream tolerates a wide 
range of temperature for spawning.  Moreover, the lar-
vae of white bream are able to survive at higher tempera-
ture than those of other cyprinids (Matondo et al. 2007). 
Therefore, the species was able to adapt to the environ-
ment of warmed water of the studied warm-water canal 
and proceed with spawning. Spawning in the warm-wa-
ter canal began one month earlier (April) than in local 
waters of ambient temperature, while the males produced 
spermatozoa as early as in February (two months earlier). 
A similar offset in the sexual cycle has been observed in 
roach, Rutilus rutilus (Linnaeus, 1758), from the Meuse 

River, where water temperature is increased (by a mean 
of +3ºC) by water discharged from the Tihange Nuclear 
Power Plant (Mattheeuws et al. 1981). In tench, Tinca 
tinca (Linnaeus, 1758), kept in artifi cially heated water 
(by 6ºC exceeding the ambient temperature), spermato-
genesis began earlier too and the spawning period was 
considerably longer (by approx. 2 months) (Breton et al. 
1980). During the presently reported study, in the hottest 
months of the year, no mature white bream were caught 
in the warm-water canal. Perhaps in that period, adult in-
dividuals moved to the waters below that site. Therefore, 
it is diffi cult to determine the date of the completion of 
spawning. An additional indicator of successful spawn-
ing in the warm-water canal is the large abundance of ju-
venile individuals of this species observed near the shore 
of a small bay inside the canal. White bream juveniles 
of a total length in the range of 5.5–8.0 cm, 4.0–8.0 cm, 
and 5.5–7.0 cm were caught at the end of April, end of 
May, and at the beginning of July, respectively. The size 
of the youngest bream indicate that breeding took place 
at the beginning of April and the latest occurred at the 
end of June. 

White bream is a common species in the lower Oder 
River. Spawning at that site occurs from early May to ear-
ly July. The habitat of the warm-water canal, into which 
warm water from a power plant is discharged, is attrac-
tive to white bream, although hydrological features such 
as fast current and substantial depth of water limited the 
presence of the fi sh and their intensity of reproduction. 
No anomalies or disorders of oogenesis and spermatogen-
esis were found in the Canal. In that location, spawning 
of white bream occurs earlier than in the neighbouring 
thermally unaffected bodies of water. In the perspective of 
climate warming (Souchon and Tissot 2012), it may be ex-
pected that white bream will be able to maintain its status 
of a common species in the open waters of central Europe, 
since in waters with elevated temperature, its gametogen-
esis occurs without problems and the fi sh exhibit a typical 
pace of growth depending on the temperature.
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