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SUMMARY

Age, growth and mortality were analysed for spirlin (riffle minnow), Alburnoides
bipunctatus that was collected from the five rivers in Croatia. Growth in length
was very similar at all locations, so the average growth curve for this species in
Croatia can be expressed as:

Lt=15.2 (1-e-0,28(t+0,93))

A comparative growth index for the first five years of spirlin life was the lowest
in the middle Korana river (98.0%) and the best in the middle part of the Dobra
river (103.1%). All these indices are very close. The phi-primes also varied a
little, resulting in the following average: φ�= 4.24±0,11.

Weight expressed positive allometric growth at four locations (b-value ranging
from 3.10 to 3.56) and negative at only one (b=2,80). At the same location the
total instantaneous mortality rate was the highest (z=1.14), while at other loca-
tions it ranged from 0.77 to 0.93. Spirlin is evidently subjected to great preda-
tion. Consequently, these results can help in comparing different water habitats.
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SA�ETAK

Starost, rast i mortaliteti analizirani su kod riblje vrste dvoprugaste uklije,
Alburnoides bipunctatus, iz pet hrvatskih rijeka. Du�inski tempo rasta je vrlo slièan
na svim lokacijama, tako da se prosjeèna krivulja rasta ove vrste u Hrvatskoj mo�e
izraziti sljedeæom formulom:

Lt=15,2 (1-e-0,28(t+0,93))

Usporedni indeks rasta u prvih pet godina �ivota dvoprugastih uklija bio je
najmanji u sredi�njem toku Korane (98,0%), a najbolji u sredi�njem toku Dobre
(103,1%). Svi ovi indeksi su vrlo bliski. Performanca rasta takoðer malo varira,
dajuæi prosjeènu vrijednost od φ�= 4,24±0,11.

Masa pokazuje pozitivan alometrijski rast na èetiri lokacije (vrijednost b varira
izmeðu 3,10 i 3,56), a negativan na jednoj (b=2,80). U istoj rijeci je i smrtnost
najveæa (z=1,14), dok se na drugim lokacijama nalazi u rasponu izmeðu 0,77 i
0,93. Dvoprugaste uklije su oèito podlo�ne velikoj predaciji. Posljedièno, ovi
rezultati mogu pomoæi u usporeðivanju razlièitih vodenih biotopa.
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INTRODUCTION

Spirlin (riffle minnow), Alburnoides bipunctatus is a fish
species spread over the central part of the European
continent from the Atlantic coast of France to the Cas-
pian lake and more to the east (Ladiges and Vogt, 1979).
It inhabits both - running and stagnant waters - eats
mainly small planktonic and benthic organisms as well
as the insects falling from the air (Vukoviæ and Ivanoviæ,
1971). Thus, the parameters of its growth can signifi-
cantly reflect upon the conditions of niche of this spe-
cies and can be used as a comparison to different habi-
tats. In cases when sufficient amount of data is accu-
mulated it is possible to quantify them and create stand-
ard growth curves, as it was done, for example, for chub
(Leuciscus cephalus), bream (Abramis brama), roach
(Rutilus rutilus), dace (Leuciscus leuciscus) and pike (Esox
lucius) in the British Isles (Hickley and Dexter, 1979;
Hickley and Sutton, 1984), for redear sunfish (Lepomis
microlophus) in the United States (Pope et al., 1995)
or for chub in Croatia (Treer et al., 1997).

The spirlin populations reflect the changes in habitats
(Jurajda et al., 1996). Water constructions can critically
endanger this species (Lusk, 1995). There are several
papers dealing with the growth of spirlin. (Bastl et al.,
1975; Johal, 1979, Papadopol and Cristofor, 1980; �oriæ
and Iliæ, 1985). In his extended investigation of this
species Skora (1972) concluded that no great differences

were found in comparison with the results of the works
of other authors. So we used the data of five spirlin
populations in Croatia in order to compare them with
those results.

MATERIALS AND METHODS

Data on spirlin growth were collected from five loca-
tions. The habitats cover north-western part of the coun-
try and belong to the Danube river system. These habi-
tats are thoroughly described in the data sources. The
locations are the Bednja river (Habekoviæ et al., 1983),
middle section of the Dobra river (Habekoviæ et al.,
1988a), the Sava river at the Croatian-Slovenian bor-
der (Habekoviæ et al., 1979; Treer et al., 1994) and the
middle and lower sections of the Korana river
(Habekoviæ et al., 1988b). The conditions in these riv-
ers are shown in table 1.

In every data source the age was determined by the
number of year rings formed on the scales and the to-
tal length was presented as the mean sizes in different
age groups. Mean mass and the number of specimens
from the same age groups were also taken into account.

The von Bertalanffy growth curves, phi-primes, length-
mass relationship and the instantaneous mortality rates
were calculated according to Sparre and Venema
(1992).

Figure 1. The locations of investigated rivers
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The condition factor (CF) was calculated as:
CF=WL-3102, with weight (W) in grams and length (L)
in centimetres. Mean condition factors for each popu-
lation were estimated from the CF-values of the indi-
vidual length classes.

Standard curve and growth indices were calculated ac-
cording to Hickley and Dexter (1979).

The relationship between total length (TL) and stand-
ard length (SL) was calculated as TL=1.239 SL (accord-
ing to Johal, 1979).

RESULTS AND DISCUSSION

The investigated rivers, except in their position and cli-
matic influence (Fig. 1), differ in their chemical and
biological composition, as well (Table 1). The Sava and
Bednja from the Pannonian valley have the biggest
amount of organic matter shown through the highest
COD values. They also have the highest values of NH4

+

and PO4
3�. That resulted in the biggest amounts of

benthic invertebrates, too. The Dobra and lower Korana
rivers, although flowing through the mountainous slopes

still have significant quantities of benthic organisms,
while the middle part of Korana river is the poorest in
all investigated parameters.

The growth parameters of spirlin populations in Croatia
are shown in table 2. The growth curves from five in-
vestigated habitats resulted in an average curve that can
be expressed as:

Lt=15.2 (1-e-0.28(t+0.93))

A comparative growth index, according to Hickley and
Dexter (1979) for the first five years of spirlin life was
the lowest in the middle Korana river (98.0%) and the
upper Sava river (98.2%). The Bednja river expressed
growth index of 100.9% and the lower part of the
Korana river 101.1 %, which is almost the same as the
standard one. Finally, the best growth was expressed in
the middle part of the Dobra river (103.1%). All these
indices are very close, so the curves are almost over-
lapping each other (Fig. 2). Therefore, their above
mentioned average can be suggested as the standard
growth curve of A. bipunctatus for Croatia, although as
a result of only five populations. It can also be concluded

Table 1. Some chemical and biological parameters from the investigated rivers: chemical oxygen demand (COD) in
mg KMnO4

.l�1, NH4
+, NO3

- and PO4
3� in mg.l�1 and benthic invertebrates in g.m�2 (min-max)

Table 2. Growth parameters for spirlin, Alburnoides bipunctatus, from five locations in Croatia: number of speci-
mens (n), von Bertalanffy growth curve (L∞, K, to), overall growth performance (φ�), length-weight relationship
constants (a, b), condition factor (CF) and total instantaneous mortality rate (z)

Table 3. Comparison of growth parameters for spirlin, Alburnoides bipunctatus, using total lengths, obtained from
data from different rivers.

Dobra Bednja Korana middle Korana lower Sava

N 157 77 43 288 16

L¥ 20,5 15,5 15,1 17,7 11,5

K 0,16 0,33 0,28 0,19 0,59

to -1,38 -0,42 -0,86 -1,47 -0,47

f� 4,21 4,37 4,16 4,09 4,36

A 0,0059 0,0150 0,0088 0,0030 0,0044

B 3,2245 2,7970 3,1043 3,5567 3,4032

CF 0,97 0,97 1,11 1,01 1,06

Z 0,77 1,14 0,87 0,93 0,90

River
Asymptotic length in

cm (L8 )

Curvature parameter

(k)

Overall growth

performance (f�)

Dunajec (Skora, 1972) 20,1 0,15 4,10

Turiec (Bastl et al., 1975) 15,6 0,28 4,22

Radimna (Papadopol & Cristofor, 1980) 14,4 0,30 4,13

Croatian average (this paper) 15,2 0,28 4,24

Dobra Bednja Korana middle Korana lower
Sava at

Slovenian border

COD 4,7-6,7 5,7-36,4 11,06 3,48-5,69 4,73-20,75

NH4
+ 0,06-0,07 0,12-1,47 0,14 0,06-0,43 0,01-2,18

NO3
- 0,16-0,47 0,05-0,49 0,10 0,13-1,03 -

PO4
3- 0,03-0,23 0,07-2,76 0,22 0,06-0,07 0,70-1,43

benthic invertebrates 5,10-16,09 3,34-45,56 0,65-8,11 1,80-14,41 2,58-38,89
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that spirlin has very stabile growth in length in spite of
the different habitats it inhabits, particularly during the
first three years of their life. This confirms the conclu-
sion of Skora (1972) that no great differences were
found in comparison with the results of the works of
other authors. Later on, growth differs more in differ-
ent habitats.

The phi-prime of Croatian spirlin, A. bipunctatus, is
φ�=4,24±0,11. This is almost identical (Table 3) as the
phi-prime of spirlin from the river Turiec (Bastl et al.,
1975) and very similar to those from the rivers Radimna
(Papadopol and Cristofor, 1980) and Dunajec (Skora,
1972). These data confirm the reliability of spirlin
growth curves, as the overall growth performance (φ�)
has minimum variance within the same species (Moreau
et al., 1986). These values are also not very different
from the phi-primes for the related genus Alburnus�
species. According to the data of Toèko (1975) it is cal-
culated that for A. albidus alborella φ�=4.59 and ac-

cording to Cakiæ (1982) for A. alburnus φ�=4.52. Other
cyprinids have more different phi-primes, as roach
(Rutilus rutilus), φ�=5.23±0.03 (Przybylski 1996), chub
(Leuciscus cephalus), φ�=5.69±0.14 (Treer et al., 1997)
and common carp (Cyprinus carpio) φ�=6,88 (Talaat &
Olah 1986).

The parameters connected with the mass of fish, con-
dition factor (CF) and b-value of length-weight relation-
ship (Fig. 3) point out the spirlin population in the
Bednja river. While other populations express positive
allometric growth, this is the only one with the nega-
tive allometric growth (2.80). Total instantaneous mor-
tality rate is also the highest in this river (z=1,14).
Supposedly the main reason for such a high mortality
of spirlins in the Bednja river is predation. Dominant
predators found in this river are pike (Esox lucius) and
chub (Habekoviæ et al., 1983). So high mortality rates
are common for minnows in the waters of the Pannonian
valley (Biro, 1990).

Figure 3. Length-weight relationships for the five spirlin populations in Croatian rivers.

Figure 2. Von Bertalanffy�s growth curves for spirlin in Croatian rivers
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