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Age determination, growth and maturity of the bleak
Alburnus alburnus (L.) (Cyprinidae) in Lake Oyeren,
SE Norway

PER BACKE-HANSEN

Backe-Hansen, P. 1982. Age determination, growth and maturity of the bleak Alburnus al-
burnus (L.) (Cyprinidae) in Lake Qyeren, SE Norway. Fauna norv. Ser. A 3,31 —36.

Age, growth and maturity have been examined in bleak A/burnus alburnus (L.) collected in
Lake @yeren in 1975, 1976 and 1977. Otoliths were found to be more suitable than scales
for age determination, while opercula were unsuitable. No difference in the growth of males
and females of age 0—IV could be detected in the material, and males have a shorter life
span than females. Males and females reach sexual maturity at an age of 3 years. The spaw-

ning period is in June-July, and lasts for about one month.

Per Backe-Hansen, NAVF, Munthesgt. 29, N-Oslo 2, Norway.

INTRODUCTION

Age determination of bleak Alburnus alburnus
(L.) using scales has been described by several

authors (e.g. Kugel 1942, Williams 1967, Biro

1975). However, in many freshwater fish spe-
cies the interpretation of scales often gives too
low age for older specimens. Opercula are more
reliable than scales for age determination of se-
veral cyprinids (Hansen 1977, 1978a, 1980). Si-
milary, otoliths are more reliable than scales for
age determination of several salmonids (Nor-
deng 1961, Ausen 1976, Jonsson 1976).

The main purpose of this study was to exa-
mine the suitability of scales, opercula and oto-
liths as ageing objects for bleak by an examina-
tion of zone formation, zone reliability and the
number of zones of the three objects. Data on
age, growth and maturity of the lake Qyeren
bleak are also presented.

Lake Qyeren (approximate UTM grid refe-
rence: 32VPM 25 30) is described by Holtan
(1970) and Skulberg (1972). Hansen (1978b) has
given a survey of the fish fauna of the lake.
Bleak is abundant during summer, especially in
the shallow, northern parts of the lake.

MATERIAL AND METHODS

The material was collected in the northern, shal-
low part of the lake during the periods 23 Oct.
— 18 Nov. 1975, 10 May — 9 Nov. 1976 and 6
May — 16 Jul. 1977. Ice conditions and low
water level prevented fishing during December
— April.
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1 he material from 1975 was caught by elect-
rofishing and consisted of 99 fish in the size
range 20—S55 mm. This sample was used for
comparison of observed and back-calculated fish
lengths after the first growth season. Part of this
material was also used in Fig. 1. The material
from 1976 and 1977 was collected using beach
seine (mesh size: 7.5 mm) and gill nets (mesh
sizes: 10, 16 and 19.5 mm) at intervals of one or
two weeks during the fishing periods. The 1976-
material, consisting of 441 specimens, was left
out from age and growth analysis due to suspec-
ted negative effects of gill net selection. Yet, part
of this material, i.e. 65 specimens of nearly iden-
tical size, were used for examination of zone for-
mation in scales and otoliths during one entire
growth season. The age and growth analysis

- was carried out using a total of 222 specimens

caught in 1977, supplemented with material
from 1975 (n = 99) and 1977 (n = 65).

For each fish total length (mm), weight (g)
and, in mature specimens, sex were noted. Sca-
les were collected from the area between the
dorsal and the anal fin, pressed on celluloid
strips (Smith- 1954) and read in a projector.
Zones defined as winter zones in scales were
identified according to Bagenal and Tesch
(1978). Checks were quite often found, which
exhibited one ore more of the criteria of winter
zones, but were usually identified as false zones
because of presence only on certain parts of the
scale, and not in all scales.

The opercula from 100 fish were removed,
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Fig. 1. Linear regression between total fish length (L)
and otolith radius (R) of the bleak from Lake Qyeren.
L =42+ 1272R(r = 097, p<0.01)

cleaned in boiling water, rinsed and dried. Ho-
wever, because of almost complete lack of vi-
sible zones, opercula were found unsuitable for
age determination.

The otolith pairs were removed and stored
dry. Before reading, the otoliths were cleared in
96 % etanol for 1 —7 days, depending on otolith
thickness. They were then transferred to 1,2
propandiol for direct examination, with their
convex lateral side downwards, against a dark
background at a magnification of 50x. For age-
ing and back-calculating the left otolith was al-
ways used. Age was determined by counting the
number of zones. It was sometimes difficult to
delimit the end of the first zone, and those cases
were not used in back-calculating growth. False
zones were easy to identify because they were
much thinner and usually only appeared in one
of the otoliths.

All scales and otoliths were read twice inde-
pendently. At each reading the number of zones
was determined. In cases where the two rea-
dings of a scale or an otolith disagreed, the ob-
ject was read once more. If the third reading a,-
reed with one of the two preceding, this was
considered as being the correct age. When all
three readings were dissimilar, the object was
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Fig. 2 a. Left otolith of bleak (female), caught 9 Nov.
1976, total length 159 mm. 7 winter zones are identi-
fied. The measured radius and estimated otolith-cen-
tre are indicated.

b. Scale of the same bleak as in Fig. 2 a. As on the
corresponding otolith 7 winter zones are identified.

excluded from further analysis. In this way sca-
les from 7 fish (3.2 % ), but no otoliths, were exc-
luded.

In order to back-calculate growth from oto-
liths, it is necessary that otoliths and fish grow
proportionally, and that this relationship is
known. Regression analysis by least square met-
hod of the plot of fish length against otolith ra-
dius gave the linear relationship shown in Fig. 1.
If, however, the constant 4.2 in the equation is
eliminated (i.e. g = 0) the relationship is expan-
ded as L=131.6 R. Since a t-test (t=0.13,
p <0.01) showed no significant difference bet-
ween these two equations. the generalized equa-
tion was used in back-calculating the growth.
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Fig. 3. Growth outside last winter zone in scales and
otoliths from bleak of age groups I[I—IV, caught in
1976. The points and bars represent the mean of 5
observations * 2 S.E. The curves are drawn by eye.

RESULTS AND DISCUSSION
Zone formation in otoliths and scales

Otoliths have not previously been discussed for
use in age determination of bleak. Bleak otoliths
are relatively small. The outermost lateral side of
the otoliths is strongly convex, while the inner
side is slightly concave. On the concave side dis-
tinct opaque and hyaline zones are easily recog-
nizable, representing summer and winter
growth respectively according to Williams and
Bedford (1974). The zones were best developed
in the posterior part of the otoliths, as seen in
Fig. 2a, and they were always counted and mea-
sured along the radius shown on the figure. A
distinct otolith-centre was impossible to localize,
and its position was estimated in each otolith,
assuming the geometrical centre to be the true
otolith-centre.

Several authors have described bleak scales
with regard to their use for age determination
(e.g. Masterman 1923, Kugel 1942, Williams
1967). Fig. 2b shows a scale of bleak from Lake
Qyeren.

Earlier observations indicate that identifiable
year zones are formed once a year in otoliths of
a number of salmonids (e.g. Ausen 1976, Jons-
son 1976), and in scale of bleak and certain ot-
her cyprinids (e.g. Hol¢ik 1967, Williams 1967,
Hansen 1980). Fig. 3 shows that the zone of
bleak in Lake @yeren is formed only once a
year, at the beginning of July, for both otoliths
and scales. Table 1 shows that the conformity

Table 1. Comparison of two independent age readings of bleak scales and otoliths. Number of scales and
otoliths are grouped according to deviation (in zones) between readings. Number of zones are given according

to second reading. The material is caught in 1977.

Scales Otoliths
Deviation Deviation
No. of zones Total 0 1 2 Total .0 1
0 - — — — — — _
1 2 2 — — | 1 —
2 16 13 3 — 22 22 -
3 29 24 5 — 38 35 3
4 61 52 9 — 60 57 3
5 33 28 4 | 29 28 1
6 8 6 2 — 2 2 —
7 9 4 S — 3 2 1
8 40 33 6 1 52 50 2
9 18 10 7 | 2 2 —
10 4 ' 3 1 — 3 3 —
11 — — — — 9 6 3
All groups
combined 220 175 42 3 221 - 208 13

33



Table 2. Comparison between independent age readings|of corresponding scales and otoliths in bleak caught in
1977. The numbers on the diagonal show the number in which scales and otoliths gave identical readings.

Number of zones in scales
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between the age readings was better for otoliths
than for scales. In scales deviations of two years
appeared only for older fish. -

Comparison between otoliths and scales for age
determination

In 14 fish the scales showed one more zone than
the otoliths, and in 23 fish the otoliths appeared
to have more zones than the scales, with devia-
tion increasing for older fish (Table 2). The first
winter zone may be absent in scales of bleak
(Huitfeldt-Kaas 1927, Kugel 1942). However, a
comparison of back-calculated growth at age I
in otoliths and scales did not indicate any lack of
the first winter zone in scales from Lake @yeren
bleak. Moreover, all back-calculated lengths at
age I from otoliths lie within the size range of
the 1975-material (all 0 + bleak), except for one
that lies between this range and the age II-range.
Thus, it seems that in this material the first win-
ter zone does not lack in otoliths. The increasing
deviations between the number of zones in oto-
liths and scales of older fish indicate that zone
formation ceases at an earlier age in scales than
in otoliths. In addition, the frequent presence of
false scale zones made scale interpretation more
uncertain. It seems reasonable to conclude that
otoliths are better suited than scales for age de-
termination of bleak. The following age and
growth study is therefore based on otoliths.

The fact that strong and weak year classes ag-
ree rather closely in the catches of 1976 and
1977 as shown on Fig. 4, supports the accuracy
of otoliths as objects for age determination in
bleak.
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Growth

For age IV and below there was no significant
difference in growth of male and female bleak
(Mann-Whitney’s U-test). There were too few
males in age V and above to test any difference
in the growth pattern between the two sexes,
and the growth data were pooled as presented in
Table 3. Female bleak have elsewhere been
shown to grow faster than males after reaching
matu)rity (e.g. Kieckhdfer 1967, Wohlgemuth
1979).

The present material included eight specimens
of age XI bleak (Table 3). Also one age XII bleak
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Fig. 4. Year class distribution of bleak caught in 1976
and 1977.



Table 3. Back-calculated lengths (mm) of male and female bleak, obtained from measurements of otoliths.
Fish, in which the first winter zone was not measurable, are only included in age groups IX—XI and their
numbers given in brackets. The material is caught in 1977.

Age at No. of Length at age

capture fish I II m 1w v VI VIl VI IX X XI
I 1 62

I 23 52 86

11 31 39 85 108

v 39 47 83 108 124

\Y% 19 40 80 106 123 135

VI 2 44 83 107 124 138 148

VII 3 4] 69 92 106 118 127 13§

VIII 36 54 81 101 116 128 137 147 156

IX 4(2) 42 74 102 115 125 135 144 153 163

X 4(3) 41 79 105 123 135 142 148 155 160 167

XI 8 (6) 38 70 99 120 133 141 148 154 159 165 172
Mean 46 82 105 120 130 138 147 155 160 166 172

from the 1976-material was registered. Bleak ol-
der than 8 years have previously been reported
only by Huitfeldt-Kaas (1927). Bleak from other
European lakes and river systems usually seem
to grow faster and attain a lower maximum age
than is shown in Table 3 (e.g. Kugel 1942, Ki-
eckhafer 1967, Williams 1967, Chitravadivelu
1971, Biré 1975, Wohlgemuth 1979). The rea-
son for this may be that bleak in Lake @yeren, at
the northern edge of its distribution area, is
adapted to slower growth and longer life span
compared to Mid-European bleak populations.
An additional explanation could be the use of
scales as the ageing object in earlier studies, so
that larger European bleak in fact may have
been older than determined.

Maturity

As shown in Fig. § the frequency of females in-
creases with increasing age, which shows that
bleak males have a shorter life span than fema-
les. This has been reported earlier for other
bleak populations (e.g. MacKay and Mann
1969, Bastl 1977). There seems to be little diffe-

Fig. 5. Sex distribution for different age
groups of mature bleak caught in 1976

rence between the sexes at the age at which sex-
ual maturity is reached (Table 4). Most bleak
matured at an age of 3 years. Yet 2 mature
males at age I were found. A tendency for some
males to mature earlier than females has been
reported from other bleak populations (Kugel
1942, Kieckhéfer 1967). The age at maturity fo-
und in Lake @yeren agrees largely with that of
other bleak populations (e.g. MacKay and Mann
1969, Papadopol 1970).

The spawning period of the bleak in Lake @y-
eren is relatively long. In 1977 spawning started
in mid-June, and lasted for about one month.
Other authors (e.g. MacKay and Mann 1969,
Papadopol 1970, Bastl 1977) have stated that
bleak spawn mainly during early or mid sum-
mer, which is in agreement with the present re-
sults. However, the present investigations give
no direct information as to whether or not the
bleak in Lake @yeren is an intermittent spaw-
ner, a spawning behaviour that has been recor-
ded earlier (e.g. MacKay and Mann 1969, Papa-
dopol 1970).
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Table 4. Number of immature and sexually mature bleak in age groups [—V, caught in 1976 and 1977.

Age group Immatures Matures Total
n % Males Females
I 23 92 2 0 25
11 43 57 18 14 75
11 23 18 53 50 126
v 8 - 6 52 81 141
A% 0 ' 0 12 25 37
Total 97 137 170 404
ACKNOWLEDGEMENTS Hol¢ik, J. 1967. Annulus formation on the scales of

This work was carried out at the Zoological Mu-
seum, University of Oslo, as part of a student
project. Financial support was given by the Mi-
nistry of the Environment. ¥ amn much obliged to
Mr. K.J. Andersen and Mr. K. Bjernebraten for
help with the field work. I would also like to ex-
press my gratitude to Mr. L.-P. Hansen and Mr.
P. Pethon for critical comments on the manusc-
ript, and to Ms. A.C. Jensen for improving the
English.

REFERENCES

Ausen, V. 1976. Age, growth, population size, mor-
tality and yield in the whitefish (Coregonus lava-
retus (L.)) of Haugatjern — a eutrophic Norwe-
gian lake. Norw. J. Zool. 24, 379—405.

Bagenal, T.B. & Tesch, F.W. 1978. Age and growth,
pp 101 —136 in: Bagenal, T. (ed.) Methods for as-
sessment of fish production in fresh waters. IBP
handbook 3. Blackwell sci. Publ., Oxford. 365 pp.

Bastl, I. 1977. (Notes on reproduction biology of the
bleak — Alburnus alburnus (Linnaeus, 1758) —
in the Vojka system of Danube arms, Czechoslo-
vakia). Biologia, Bratisl. 32, 591 —598.

Bird, P. 1975. The growth of bleak (Alburnus albur-
nus L.) (Pisces, Cyprinidae) in Lake Balaton and
the assessment of mortality. and production rate.
Annls. Inst. biol. Tihany 42, 139—156.

Chitravadivelu, K. 1971. Some observations on the
growth of Alburnus alburnus (Linnaeus, 1758).
Vést. &sl. Spol. zool. 35, 241 —250.

Hansen, L.-P. 1977. Karakteristikk av noen fiskearter
i Nordre Qyeren med scerlig vekt pd alder, vekst og
reproduksjon hos mort, Rutilus rutilus (L., 1758),
brasme, Abramis brama (L., 1758) og flire, Blicca
bjoerkna (L., 1758). Unpublished thesis. Zoologi-
cal Museum, University of Oslo. 136 pp.

Hansen, L.-P. 1978a. Age determination of roach,
Rutilus rutilus (L.) from scales and opercular
bones. Arch. FischWiss. 29, 93—98.

Hansen, L.-P. 1978b. Forekomst og fordeling av
noen fiskearter i Nordre @yeren. Fauna (Oslo) 31,
175—183.

Hansen, L.-P. 1980. Age, growth and maturity of the
white bream Blicca bjoerkna (L.) in Lake Qyeren,
SE Norway. Fauna norv. Ser. A. 1, 15—23.

six fish species from the Klicava valley reservoir
(Czechoslovakia). Vést. ¢sl. Spol.  Zool. 31,
159—161.

Holtan, H. 1970. Oyeren. En limnologisk underso-
kelse 1961 —1968. Norsk institutt for vannforsk-
ning, Oslo 48 pp.

Huitfeldt-Kaas, H. 1927. Studier over aldersforholde
og veksttyper hos norske ferskvannsfisker. Natio-
naltrykkeriet, Oslo 358 pp.

onsson, B. 1976. Comparison of scales and otoliths
for age determination in brown trout, Salmo
trutta L. Norw. J. Zool. 24, 295—301.

Kieckhéfer, H. 1967. Ein Beitrag zur Biologie des Bo-
denseeukeleis (Alburnus lucidus Heck). Allg.
FischZtg. 1967(8) [2 pp.]

Kugel, G. 1942. Untersuchungen uber den Ukelei. Z. .
Fisch. 40, 225—262.

MacKay, I. & Mann, K.H. 1969. Fecundity of two
cyprinid fishes in the river Thames, Reading,
England. J. Fish. Res. Bd Can. 26, 2795—2805.

Masterman, A.T. 1923. Report on the scales of cer-
tain freshwater fish in relation to age determina-
tion. Fishery Invest., Lond. (1), 1, 1924(3), 1 —16.

Nordeng, H. 1961. On the biology of char (Salnio al-
pinus L.) in Salangen, North Norway. I. Age and
spawning frequency determined from scales and
otoliths. Nytt Mag. Zool. 10, 67—123.

Papadopol, M. 1970. Ecological characteristics of the
main species of minnows (Pisces, Cyprinidae)
from the Danube delta. Vé&st. &sl. Spol. zool. 34,
240—251.

Skulberg, O. 1972. Resipientforholdene i Romeriks-
vassdragene Nitelva, Leira og Remua; I. Ho-
vedrapport; hydrografi; eksperimentelle underso-
kelser; modellanalyse; konklusjoner. Norsk insti-
tutt for vannforskning, Oslo. 104 pp.

Smith, S.H. 1954. Methods of producing plastic imp-
ressions of fish scales without using heat. Progve
Fish-Cult. 16, 75—178.

Williams, T. & Bedford, B.C. 1974. The use of oto-
liths for age determination. Pp. 114—123 in: Ba-
genal, T.B. (ed.) Ageing of fish. Unwin Bros, Old
Woking. 234 pp.

Williams, W.P. 1967. The growth and mortality of
four species of fish in the river Thames at Rea-
ding. J. Anim. Ecol. 36, 695—1720.

Wohlgemuth, E. 1979. On selectivity of gill nets for,
and certain biological parameters of, Alburnus al-
burnus and Rutilus rutilus. Folia zool. Brno 28,
371—383.





