Published on paper: 1980. Published online: 2024-10-27.
ISSN 1502-4873 (paper). ISSN 1891-5396 (electronic).
doi: https://doi.org/10.5324/fn.v1i0.6152.

Age, growth and maturity of the white bream Blicca
bjoerkna (L.) in Lake Qyeren, SE Norway

LARS P. HANSEN

Hansen, L.P. 1980. Age, growth and maturity of the white bream Blicca bjoerkna (L.) in
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Age, growth and maturity have been examined in a material of white bream Blicca bjoerkna
(L.) collected in Lake @yeren between April 1974 and October 1975, and in September 1976.
Opercular bones were found more suitable than scales for age determination. As the inner
zones in operculars from older fish often could be missing, scales were used for control. The
females of white bream reach maturity at an age of 4 years, and most males mature one year
earlier. When maturity is reached, the males grow slower than the females, and also have a
shorter life span. Spawning takes place in June.

L.P. Hansen, Directorate for Wildlife and Freshwaterfish, Fish Research Division, Box 63,

1432 As-NLH, Norway.

INTRODUCTION

White bream Blicca bjoerkna (L.) is distributed
in the south eastern part of Norway. In the river
Glomma drainage it is found north to Lake Qye-
ren (Huitfeldt-Kaas 1918) where it is one of the
most common fish species (Hansen 1978 a).

Age determination of white bream using sca-
les has been described by Geyer (1939) and this
method has been generally used as in other cyp-
rinids (Hartley 1947, Frank 1958, 1962, Klimc-
zyk-Janikowska 1974). Hansen (1978 b), how-
ever, concluded that opercular bones were bet-
ter suited than scales in ageing roach Rutilus ru-
tilus (L.) older than 7 years from Lake Qyeren.
In the present study scales and opercular bones
were compared in order to find the most reliable
age determination method for the white bream.

There are few data on the biology of white
bream in Norway. Since 1974 fish biology inve-
stigations have been carried out in Lake @yeren
(Brabrand 1977, 1978, Hansen 1977, 1978 a, b,
Bjornebraten 1978, Pethon 1978, Backe-Hansen
1979, Gien 1979, Hansen and Brabrand 1979).
This work concerning age, growth and maturity
of white bream in Lake @yeren, has been part of
these investigations.

Lake Qyeren is described by Holtan (1970)
and Skulberg (1972). Details regarding vegeta-
tion are given by Rerslett (1972) and Brabrand
(1977), while Hansen (1978 a) surveyed the fish
species in the lake.

Fauna norv. Ser. A 1: 15—23. Oslo 1980.

MATERIAL AND METHODS
Sampling

In 1974 and 1975 material was collected weekly
in the northern part of the lake from the end of
April/beginning of May to the end of June.
From July to end of November in 1974 and
from July to October in 1975 fishing was carried
out every third week. A supplementary material
was collected in September 1976. The fish were
caught in gill nets (24, 29, 35 and 45 mm knot to
nearest knot). There was no fishing in the winter
because of a thick ice cap and low water level.
In random samples from the catches each speci-
men was examined for total length (mm),
weight (5 g), sex, ripening stage and gonad we-
ight (0.1 g). From the material collected in 1975
about 30 scales and both opercular bones were
removed from each fish in order to determine
the time of zone formation. The total material
collection in the end of August and in September
1975, and in September 1976 was used in age
and growth studies (Tab. 1). For these samples
gill nets with mesh size 19.5 mm knot to nearest
knot were also used.

Age determination

Celluloid impressions of scales (Smith 1954)
were read in a projector. Opercular bones were
dipped in boiling water, cleaned, dried for seve-
ral weeks and read in glycerol on a dark back-
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Fig. 1. Scale of white bream (210 mm). 7 zones can
be identified.

ground. Two independent readings were made
from each scale and opercular bone.

Figures 1 and 2 show a scale and opercular
bone from the same specimen. Scales of young
fish were easy to read, and the few false zones
present were identified according to Chugunova
(1963). When reading the opercular bones I
principally followed Le Cren’s (1947) method
for perch Perca fluviatilis L.

Backcalculation of growth

The linear regression of fish length on opercular
bone size (Fig. 3) gave the equation L=
10.65+17.09 Op (r=0.989) where L is total
fish length (mm) and Op is opercular bone size
(mm) as defined in Fig. 2. However, it has some
practical advantages to use direct proportiona-
lity when backcalculating fish lengths from
opercular bones. Using a t-test it was found that
the constant 10.65 was not significantly diffe-
rent from zero (t=0.28) and a line through the
origin, L = 18.06 Op, was then accepted.

Fig. 2. Opercular bone of white bream (same speci-
men as in Fig. 1). 7 zones can be identified. The solid
line indicates the operculum size.

RESULTS
Age determination

Fig. 4 indicates that the zones are formed in
June/July for both scales and opercular bones,
which is at the same time as in Lake @yeren
roach (Hansen 1978 b). In England the scale
zones are formed in May/June (Hartley 1947).

For young fish the two independent scale rea-
dings gave practically the same result (Tab. 2),
but in older individuals there were increased de-
viation between the readings. For opercular
bones the readings agreed better than with sca-

Tab. 1. The material used in age and growth studies. Sc = scales, Op = opercular bones.

Males Females Unsexed Total
Year Sc Op Sc Op Sc Op Sc Op
1975 35 34 75 73 1 1 111 108
1976 21 21 88 88 — — 109 109
Total 56 55 163 161 1 1 220 217
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Fig. 3. Relationship between fish length and opercu-
lar bone size. L=10.65 + 17.09 Op. (r=0.989,
n = 108) (broken line) and L =18.06 Op. (solid line).

les, which indicates that it is easier to identify
opercular bone zones than scale zones in older
fish. When the two independent scale or opercu-
lar bone readings differed, the true age was ac-
cepted as the result of a third reading. There was
a high correlation between scale and opercular
readings up to an age of 12 years (Tab. 3). In ol-
der fish there were more zones in opercular
bones than in scales, which indicates that the
zone formation ceases in scales at a lower age
than in opercular bones.

In many opercular bones the first zone was
indistinct, and it even disappeared in bones of
some older individuals. The reason was pro-
bably the increased bone thickness. Similar ob-
servations have been made on opercular bones
from roach (Banks 1970, Mann 1973, Linfield
1974, Hansen 1978 b), pike Esox lucius L. (Frost
and Kipling 1958, Mann 1976 a), and chub Leu-
ciscus cephalus (L.)(Mann 1976 b). Absence of
the first zone could be demonstrated by compa-
rison with mean length of one year old fish,
mean backcalculated length at age one, control
reading with scales, and Ford-Walford plots
(Ford 1933, Walford 1946). 43 opercular bones
lacked the first zone, and one bone the first two
zones. In the age and growth analyses absent
zones have been added.

Tab. 2. Assessing the reliability of age determinations of white bream by repeated independent readings of sca-
les and of opercular bones. Number of scales and operculars summarized according to degree of deviation bet-
ween readings (in years). Allocation in groups of number of zones by second reading.

Scales Operculars
Deviation Deviation

No of zones Total 0 | 2 3 Total 1
0 — — — — — — — —
1 1 1 — — — 1 1 —
2 29 29 — — — 28 28 —
3 17 17 — — — 16 16 —
4 1 1 — — — 1 1 —
5 S R — - — 5 4 1
6 8 7 1 — — 6 6 —
7 15 14 1 — — 13 13 —
8 3 3 — — — 5 4 1
9 16 14 2 - — 16 16 -
10 1 — 1 — - 1 1 —
11 9 4 3 1 1 2 1 1
12 4 2 2 — — 3 3 —
13 2 2 — — — 3 1 2
14 — — — — — 3 2 1
15 — — — — — 3 2 |
16 — — — — - - - —
17 — — — - — — - —
18 — — — — — 2 1 1
111 99 10 1 | 108 100 8
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Tab. 3. Comparison between independent age readings of scales and opercular bones from the same fish. The
numbers on the diagonal show the number in which the two objects gave the same results.

Number of zones in scales

o t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Total
0 — — — — — — — — — — — — — — — = = — = 0
I -1 - = = = = = - - — = - - - - - - - ) 21;
w 2 - — 28 - = — — - — — - — — - - — = = =
£ 3 - — — 16 - - - - — - — — — — — — — — — 16
8 4 - — — — 1 - — = — — = = — - - - — - - 1
5§55 — — — — — 5 — — — — - - = - - - — — = 5
3 6 - - - - - -6 - - - - - - - - = = — = lg
87 — — — — — — 1 11 1 — = — = — — — — — —
&8 - — — — — — — 32 - = — — — — — — — - 5
g9 - - — — — — — 1 — 15 - = = = — — — — — 16
10 — — — — — — — — — — — 1 — = = = = — — 1
g1 - — — = — = = — — 11 — = = — = - — — 2
s12 - = = — = = = = — — — 1 1 - - - - = 3
213 - = = = = - — — — — — 2 1 - = - - — - 3
sS4 - — — — — — — — — — — 3 - - — - - — - 3
E1s — — — — — = — — — = = 2 — 1 - = = — = 3
zZ6 - — — — — — — — — — — — — - — — - — — 0
7 - — — — — = — — = — = = — = = — - — - 0
18 - - - - - = = = = = = = ) - = = — — — 2
Total 0 1 28 16 1 5 7 15 3 16 1 9 4 2 0 0 0 0 O 108
204 It was not possible to check the reliability of
Scales the age determinations against fish of known
E] 4 age, but it seems that both scales and opercular
2 164 5 5 bones can be used for age determination of fairly
5 young white bream. For older fish, however,
- ™3 - opercular bones were better suited than scales.
B 121 \ But because opercular bones from older fish
o 5 // may lack the inner zones the age determinations
2 \ / were controlled with scales.
5 8] \ ,* Because of the frequent differences between
,‘_’ \\ 5/ the two independent opercular readings from
3 4 W 13 + individuals and older, only fish younger
= + than 13 years were used in the growth analyses.
e There was considerable variation in the distri-
2 Month  bution of the different year classes (Fig. 5). A to-
A M J J A SO tal picture of the year class strength could not be
given because the mortality was unknown. But
3 10 appearently there was a strong 1973 and week
g 8- Opercular bones 1971 year class.
3 61 4 Growth
8o 4 +‘ «+ A Mann-Whitney U-test on fish size distribution
58 2] \ 5 /* + of three different year classes of males and fema-
RS a les (Tab. 4) showed no difference in length distri-
oo Month  bution of the two sexes at age 2+ and 3 +. But

AMJJASO

Fig. 4. Growth outside last zone on scales and oper-
cular bones (occular units) from white bream less
than 5 years old in 1975. The points and bars repre-
sent mean *= 2SE, the figures are number of fish.
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at an age of 7+ there was a significant diffe-
rence. Therefore the sexes were separated in the
growth analyses.

Tables 5 and 6 show backcalculated lengths
for males and females. Females have a higher
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Fig. 5. Year class distribution of the materials samp-
led in 1975 and 1976.

growth rate than males after 4 years of age.
Lee’s phenomenon (Lee 1912) appears to be pre-
sent among females (Tab. 6). This is also appa-
rent from the lower backcalculated lengths than
observed (Tab. 7). The material of older males
may be to small to detect the phenomenon. Cal-
culations of relative growth according to Svard-
son (1961) and Kempe (1962) (Tab. 8), suggested
small variations in growth from year to year,
but Lee’s phenomenon may influence the re-
sults. However, a Spearman rank correlation
analysis showed significant  correlation
(rs=0.66) at the 5% level between relative

Tab. 4 Results of the Mann-Whitney U-test on size
distributions of males and females. The numbers in
brackets give the number of fish, and Uy is the Mann-
Whitney statistic.

Mean length
Age Females Males Ug P
2+ 124.7(15)  125.9(13) 101 p>0.05
3+ 152.2(9) 152.9C 7) 35 p>0.05
7+ 218.9( 8 189.0( 5) 40 p<o0.05

growth in different years'in the materials, indi-
cating the validity of the method.

Maturity

The sex ratio (males/females) decreased with in-
creasing age (Tab. 9) suggesting that males have
a shorter life span than females. Females and
some males reach maturity at an age of 4 years,
but most males mature one year earlier (Tab.
10). Older fish with resting gonads were not
found, indicating that spawning takes place each
year after maturity is reached. In 1974 the white
bream spawned from 10 June to 1 July and in
1975 spawning started at the end of May and
lasted to about 20 June. The ripeness coefficient
reached maximum shortly before spawning and
then decreased (Fig. 6). There was no growth in
the gonads before August— September.

DISCUSSION

When the water level in Lake @yeren rises in
the spring the white bream migrate from the
deeper part of the lake to the delta area in the
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Tab. 5. Mean backcalculated lengths (mm) of males obtained from opercular bones.

Age at Number of Backcalculated length in mm at age

capture fish 1 11 i1 1v v Vvl VIl VIIl 1X X X1 X1l
0+

1+

2+ 13 48 88

3+ 22 45 83 121

4+ 3 44 82 126 150

5+ —

6+ 2 37 68 95 126 146 165

7+ 5 42 76 105 126 145 163 178

8+ 1 43 83 111 135 155 171 190 202

9+ 5 39 75 111 135 146 158 169 182 192

10 + 1 45 84 112 133 147 156 168 177 187 194

11+ 1 50 87 121 137 151 162 175 181 185 194 203
12+ 1 - 67 97 119 139 163 181 189 195 204 211 218
Weighted .
mean 44 79 111 133 147 163 177 186 190 197 207 218

northern part. Catches in those areas suggest
that white bream is one of the most common
fish species (Hansen 1978 a). The delta area is
very important for spawning and feeding during
the summer. Late in the autumn the white
bream returns to the deeper parts of the lake.
When the white bream reach maturity, fema-
les grow faster than males which is in accor-
dance with the results of Alm (1922) and Geyer
(1939). The material also suggests a shorter life
span for males than females. The fact that white
bream males in Lake @yeren mature one year
earlier than the females tend to support the state-

ment that individuals which mature first die
early (Gerking 1957, Nikolsky 1969). In general
fast growing individuals tend to reach maturity
earlier and die earlier than slowly growing indi-
viduals of the same sex and year class. This is as-
sumed to be the main reason for the occurrence
of Lee’s phenomenon in unexploited fish popu-
lations (Gerking 1957, Ricker 1975) and could
be the reason for Lee’s phenomenon in the Lake
Jyeren white bream.

The growth of white bream in Lake Qyeren
conforms to that in other populations studied
(e.g. Geyer 1939, Hartley 1947, Frank 1958,

Tab. 6. Mean backcalculated lengths (mm) of females obtained from opercular bones. The figures in brackets
give the number of operculars with readable inner zone.

Backcalculated length in mm at age

Age at  Number .

capture of fish 1 11 1 1v v vl Vil Vil 1X X X1 X1l
0+

1+

2+ 15 45 86

3+ 43 45 81 119

4+ 11 45 80 122 157

S+ 5(4) 39 74 113 153 182

6+ 4 (3) 36 73 107 144 174 198

7+ 12 (5) 45 79 113 143 169 188 206

8+ 13 (8) 44 77 108 138 160 180 198 213

9+ 15(10) 41 76 114 147 161 176 192 205 217

10+ 8 (6) 46 82 119 148 169 186 200 213 224 236

11+ 4 (3) 39 72 104 137 162 176 187 198 209 219 229
12+ 9 (4) 49 76 106 131 150 168 182 194 205 214 224 234
Weighted

mean 43 78 113 144 166 182 194 205 214 223 227 234
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Tab. 7. Comparison between observed mean lengths (mm) at age (t +) and backcalculated mean lengths (mm) at
age (t+1)

Age Males Females
Observed Backcalculated Observed Backcalculated
3 126 111 125 113
4 143 133 147 144
5 165 147 179 166
6 — 163 201 182
7 179 177 214 194
8 189 186 218 205
9 212 190 225 214
10 199 197 229 223
11 200 207 246 227
12 209 218 236 234

Tab. 8. Relative growth during the years 1966 to  Tab. 9. The sex ratio for several age groups.
1975.

Age group Males Females Sex ratio
Years of growth Rela@ive growth ) M:F
1975 material 1976 material 3 13 15 0,87
1966 —1967 98.3 93.0 3—5 25 59 0,42
1967—1968 93.1 95.0 6—38 8 29 0,28
1968 —1969 102.0 109.3 9—11 7 27 0,26
1969—1970 95.3 104.4 >11 2 31 0,06
1970—1971 85.6 89.9
1971—1972 90.0 86.6 Total >3 161 0,34
1972—1973 106.0 98.8
1973—1974 108.8 29. Tab. 10. Number of immature and developing indivi-
1974—1975 109.5 104.9 duals i 35
1975—1976 103.2 117.1 uals 1n age groups :
Age next birthday 3 4 5
Male Immature 4 0 0
Developing 9 24 2
Female Immature 15 0 0
Developing 0 43 3
12 ¢

Fig. 6. Variations in ripeness coefficient (percent go-
nad weight of the total fish weight) for females. The
line is fitted by eye.

Ripeness coefficient

+

21



1962, Klimczyk-Janikowska 1974, Knowles
1974), but it is faster than in populations studied
by Jarnefeldt (1921) and Alm (1922).

The white bream spawned much later than
roach and bream Abramis brama (L.) (Hansen
1977), as has also been observed elsewhere (Jar-
nefeldt 1921, Alm 1922, Geyer 1939, Berg
1964). This fact supports Huitfeldt-Kaas’ (1918)
suggestions of the stenothermal warmwater
character of the white bream, which may ex-
plain its late immigration to Norway after the
glacial period.
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