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Studies on age, growth, mortality and recruitment of Alburnoides sp. were conducted in Kesselian 
Stream, South Caspian Sea, Iran from July 2008 to June 2009. Length frequency data were analyzed by 
using FISAT (FAO-ICLARM Stock Assessment Tools) software for estimating population parameters. 
Asymptotic length (L∞) and growth coefficient (K) were estimated at 104.48 mm and 1.19/year. Growth 
performance index (Ø') was calculated as 4.113. Total mortality (Z) was estimated at 3.40/year, whereas 
fishing mortality (F) and natural mortality (M) were found to be 2.43/year and 0.97/year, respectively. 
Annual mean temperature and salinity was 12.46°C and 0.32 ppt in the investigated area. The present 
exploitation rate (E = 0.71) indicated that the fish stock of Alburnoides sp. is over exploited in the 
Kesselian Stream.  
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INTRODUCTION 
 
Iran is an important geographic area and zoogeography 
in the Middle East. Iran has been divided into nineteen 
major drainage basins (Coad, 1995). The Caspian and 
Tigris basins have the most species diversity. These 
large basins have connection to the river or marine 
ecosystems. The South Caspian Basin (north of Iran) is 
one of the most divers’ fresh water environment in Iran 
(Coad, 1995; Gusssev et al., 1993). The genus 
Alburnoides belongs to the family Cyprinidae and was 
discovered by Jeitteles (1861). In Iran Alburnoides is 
widely distributed and was found in the basins of the 
Caspian Sea, Lake Orumiyeh, Tedzhen River, Kavir, 
Namak Lake, Esfahan (Zayandeh and Shur rivers), Tigris 
River, Persian Gulf drainage and Kor River (Coad, 2009).  

Spirlin is widely distributed in most south Caspian basin 
(north of Iran) from the Aras  River  in  the  west  to  Atrak  
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River in the east. Spirlin, Alburnoides bipunctatus (Bloch, 
1782) is used as a common name for many populations 
but new investigations have found that it is a complex 
group showing great diversity with at least 6 species in 
Iran (Bogutskaya and Coad, 2009; Coad and 
Bogutskaya, 2009; Esmaeili et al., 2010). The 
populations of A. bipunctatus complex group in Iran have 
been considered as one species. Recently, Bogutskaya 
and Coad (2009) described six new species from Iran viz, 
Alburnoides petrubanarescui, Alburnoides namaki, 
Alburnoides nicolausi, Alburnoides idignensis, 
Alburnoides eichwaldii and Alburnoides qanati, have 
more isolated populations particularly from south and 
east Caspian sea basin which are still unconfirmed and 
referred to as Alburnoides sp. in this study.  

Caspian spirlin is locally known as Khayyateh, lapak, 
parak, sima, kuli, shebeh zury (Coad, 2009a). Spirlins are 
small cyprinid that is generally found in shallow habitats 
with gravely bottom and well-oxygenated clear water. 
Spirlin is sensitive to changes in the structure of river 
habitat. As a result, this species has been considered as  
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Figure 1. Study areas showing the Kesselian Stream from South Caspian basin of Iran. 

 
 
 

threatened species in some countries. Dam construction 
can critically endanger this fish (Siryova, 2004). It inhabits 
both running and stagnant waters and feeds mainly on 
small planktonic and benthic organisms as well as 
insects. Spirlin is associated with sport fishing, aqua-
culture and zoogeography and gathering of information 
on the species for effective resource management and 
conservation is vital. Previous studies were focused on 
developmental growth of the species but information on 
the population dynamics is still unavailable. 

Growth parameters have been known to influence the 
outcome of particular stock assessments and fisheries 
management as a whole. There have been few papers 
that dealt with the growth of spirlin (Bastl et al., 1975; 
Johal, 1979; Papadopol and Cristofor, 1980; Soric and 
Ilic, 1985; Breitenstein and Kirchhofer, 2000). The 
present study presents an investigation of the population 
parameters and exploitation level of Alburnoides sp. to 
assess the stock position of the species from Kesselian 
stream in the Mazandaran Province of Iran.  
 
 
MATERIALS AND METHODS 

 
Study area and sampling 

 
This study was conducted at Kesselian, Amirkola (52° 59′, 36° 13′) 
in the Mazandaran Province of Iran. The Kesselian Stream is one of 
the major tributaries of the Talar River in Mazandaran Province and 
an important Caspian Sea subarea (Figure 1). Caspian Sea basin is 
located in the European area of the Eurasia and is one of the most 
diverse freshwater ecosystems in Iran (Coad, 1995). Specimens 
were collected monthly with the aid of an electro shocker between 
July 2008 and June 2009. Specimens were preserved in 10% 

formalin solution and transported to the laboratory for further 
analysis. The physical and chemical parameters of the Kesselian 
Stream were measured. The mean water temperature, ambient 
temperature and waters pH were 12.46°C, 17.5°C and 6.5, 
respectively. 

 
 
Laboratory measurement 

 
In total, 1019 specimens were measured and weighed. An 
electronic digital caliper was used to measure the fork length (FL) to 
the nearest 0.01 mm. Total body weights were recorded by an 
electronic analytical balance (± 0.01 g). Monthly length data were 
grouped into length classes at 4 mm intervals (Table 1). The length-
frequency data were analyzed using the FISAT (FAO-ICLARM 
Stock Assessment Tools) software as explained in detail by 
Gayanilo et al. (1996). 

 
 
Length-weight relationship 

 
The relationships between fork length and total weight were 
determined by fitting the data to an equation W = aL

b
, where W is 

the weight in g, L the fork length in mm, constant ‘a’ and ‘b’ are 
relative growth coefficient. To make the relationship linear, a 

logarithmic transformation was used (Bagenal and Tesch, 1978): 
 
Log W = Log a+ b Log L. 

 
 
Size frequency distribution 

 
The Bhattacharya method in the FISAT statistical package was 
used to identify the modes in the polymodal length-frequency 
distributions of Alburnoides sp. All identified size/age groups were 
derived from at least three consecutive points and selection of the 
best results was based on  the  following  criteria; (a)  values  of  the  
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Table 1. Monthly pooled fork length frequency of Alburnoides sp. from the Kesselian Stream, Mazandaran Province, Iran. 

 

Mid FL July/2008 August September October November December January/2009 February May April March June 

31.5 - 1 - - - - - - - - - - 

35.5 - 3 - - - 1 - - - 1 - - 

39.5 - 4 - - 1 9 - - 2 5 - - 

43.5 - 2 - - - 17 2 1 6 4 3 - 

47.5 1 8 4 1 4 25 5 10 15 11 9 - 

51.5 14 2 5 - 11 24 16 12 19 10 9 1 

55.5 19 6 - 3 15 19 11 15 13 15 5 2 

59.5 11 17 1 8 17 32 22 15 12 9 9 2 

63.5 7 15 7 6 19 16 13 18 13 8 13 3 

67.5 2 6 5 7 20 13 19 14 9 9 16 - 

71.5 1 6 6 7 10 5 9 10 3 2 16 - 

75.5 3 5 3 3 4 11 11 9 2 1 5 - 

79.5 - 1 2 2 3 2 6 2 - - 5 1 

83.5 2  - 1 - 4 1 1 1 - 1 3 

87.5 - 1 1 - 1 1 1 - - - - 8 

91.5 - - 1 - - 1 - 1 - - - 8 

95.5 - - 1 - - - - - - - - 4 

99.5 - - - 1 - - - - - - - 3 

Total 60 77 36 39 105 182 116 108 95 75 91 35 
 
 
 

separation index (SI) for the different age groups; (b) 
number of identified age groups and (c) standard deviation 

(SD) (Gayanilo et al., 1989). 
 

 
Growth parameters 
 

Asymptotic length (L∞) and growth co-efficient (K) of the 
von Bertalanffy equation for growth in length were 

estimated by means of ELEFAN-I (Pauly and David, 1981). 
The von Bertalanffy growth equation is defined as follows 
(Sparre and Venema, 1998): Lt = L∞ [(1-exp (-K (t-t0))], with 
L∞ being the predicted asymptotic length, Lt is the size at 
age t, K is the instantaneous growth coefficient and to the 
point at which the von Bertalanffy curve intersects the age 
axis, t0 is the hypothetical age at which the length is zero 

(Newman, 2002). The growth performance index (Ø') 
(Pauly and Munro, 1984) was calculated by estimation of K  

and L∞ using the equation:  
 

Ø′ = 2log10L∞ + log10K 

 
 
Mortality parameters 
 
Estimations of the mean mortality rate (Z) were obtained 
from using length converted catch curve analysis. Natural 
mortality (M) was calculated using the equation of Pauly 
(1980): 

 
Log10M = 0.0066 - 0.279 Log10 L + 0.6543 Log10K + 
0.4634 Log10 T 

 
Where, M is the natural mortality; L∞ is the asymptotic 
length; K is the growth co-efficient of the von Bertalanffy 

growth function (VBGF) and T is the mean annual habitat 
water temperature (°C). The annual mean water 

temperature for the study area was 12.46°C.  
The instantaneous fishing mortality (F) was taken as the 
difference between total and natural mortality: F = Z - M, 
where Z is the total mortality and M represents natural 
mortality. The exploitation level (E) was obtained from the 
relationship: 
 

E = F ⁄ Z = F ⁄ (F + M). 
 
 
Recruitment pattern 

 
The recruitment pattern was obtained by projecting the 
length-frequency data backwards on the time axis using 

growth parameters (Moreau and Cuende, 1991). By 
NORMSEP analysis of FISAT  statistical  package,  normal  
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Figure 2. Annual size frequency distribution of Alburnoides sp 

from the Kesselian stream, Iran. 
 
 
 

 
 
Figure 3. Monthly size frequency of Alburnoides sp.  
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Table 2. Identified age groups from fork length-frequency analysis of Alburnoides sp. using Bhattacharya’s 
method. 
 

Month Mean FL (mm) of age groups SD (mm) N SI 

July 
55.51 3.17 45 - 

80.17 5.40 6 5.75 

     

August 

38.53 4.23 10 - 

61.04 4.69 46 5.05 

73.65 3.12 12 3.23 

     

September 

53.50 8.47 9 - 

71.27 6.48 16 2.38 

96.60 11.17 3 2.87 

     

October 66.69 8.46 37 - 

     

November 61.50 7.55 100 - 

     

December 49.75 5.37 95 - 

     

January 

66.06 6.34 98 2.79 

83.81 2.24 7 4.14 

57.89 6.32 67 - 

     

February 

75.21 3.79 27 3.43 

85.38 3,08 8 2.69 

63.50 7.94 107 - 

     

March 
51.16 5.59 55 - 

64.50 4.27 37 2.71 

     

April 

41.01 2.95 10 - 

55.27 4.18 34 4 

70.03 2.04 29 4.75 

     

May 50.31 4.36 26 - 

     

June 

67.79 4.28 64 4.05 

79.94 2.03 11 3.85 

57.50 4.80 5 - 

 89.68 5.02 24 6.55 
 

FL, Fork length; SD, standard deviation; SI, separation index; N, no. of individuals. 
 

 

distribution of the recruitment pattern was defined (Pauly and 
Caddy, 1985).  

 
 
RESULTS 
 
Size frequency distribution  
 
In total, 1019 individuals of Caspian spirlin were mea-
sured to study the size frequency distribution. The 

annualsize frequency distribution obtained from monthly 
samples showed exploited sizes to be from 31.50 to 
99.50 mm, with the bulk between 43.5 and 79.5 mm 
(Table 1 and Figure 2). Monthly size frequency distri-
bution showed the modal lengths with cohorts in different 
months (Figure 3). The modal length of Caspian spirlin 
was between 38.53 mm in August and 96.60 mm in 
September, with satisfactory separation index (Table 2). 
The length frequency distribution in 12 months suggested 
that   the   population    consisted    of    a    maximum   of 
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Figure 4. Length weight relationship of Alburnoides sp.  
 

 
 

Table 3. Estimated population parameters of Alburnoides sp. 

 

Population parameter Alburnoides sp. 

Asymptotic length (L) mm 104.48 

Growth co-efficient (K/year) 1.19 

Natural mortality (M/year) 0.97 

Fishing mortality (F/year) 2.43 

Total mortality (Z/year) 3.40 

Exploitation level (E) 0.71 

Length range (mm) 34-112 

Sample number (N) 1019 
 
 

 

two age groups (Table 2).  
 
 

Length weight relationship 
 

The length of individuals ranged from 34 to 112 mm and 
the weight from 0.51 to 16.72 mg. Length-weight 
relationship of Alburnoides sp in arithmetic scale is given 
in Figure 4. The length-weight relationship equation of 
Caspian spirlin was established as: Log W = -5.2081 + 
3.1221Log L and in exponential form the equation was W 
= 0.000006 L

3.1221
 (r

2
 = 0.958). The regression between 

total length and total weight showed positive relationship 
and highly significant (p < 0.001). 
 
 

Growth parameters 
 

The length-frequency data were fitted  to  FISAT  and  the  

extreme value theory was applied to find out the 
maximum length (L∞) from extreme values. The observed 
extreme length was 99.50 mm and the computer 
predicted extreme length was 102.82 mm. Extreme 
length range was 96.55 to 109.09 mm at 95% confidence 
interval level. Asymptotic length (L∞) was 104.48 mm and 
growth co-efficient was (K) = 1.19/year (Table 3). 
Restructured length frequency data and growth curves 
are presented in Figure 5. The calculated growth 
performance index (Ø′) was 4.113 (Table 3). 
 
 
Mortality and exploitation 
 
By using length converted catch curve, total mortality was 
estimated at 3.44/year. Natural mortality (M) and fishing 
mortality (F) was found to be 0.97/year and 2.43/year, 
respectively   (Table   3).   From   these   information,  the  
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Figure 5. Von Bertalanffy growth curves of Alburnoides sp. superimposed on the restructured length-frequency histograms (L∞ = 

104.48 mm and K = 1.19/yr) 
. 
 

 

 
 
Figure 6. Recruitment pattern of Alburnoides sp.  

 
 
 

present exploitation rate (E) was calculated as 0.71 for 
Alburnoides sp. in the investigated area and regarded to 
be over exploited stock. 
 
 
Recruitment pattern 
 
Recruitment pattern of Caspian spirlin in the study area 
was continuous throughout the year (Figure 6). There are 
two major peaks in recruitment. The first peak was 

recorded in June-July and the second peak was 
observed in November to December (Figure 6). 
 
 
DISCUSSION 
 
The ‘b’ parameter value in the weight-length model was 
estimated at 3.122, indicating isometric growth and not 
significantly higher than isometric value at 5% level. The 
growth coefficient ‘b’ generally lies between  2.5  and  3.5  
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Table 4. Comparison of growth parameters of Alburnoides sp. with previous study. 
 

Location Species L∞ (cm) K/year Ø′ Source 

Caspian Sea Iran Alburnoides sp. 10.45 1.19 4.11 Present study 

Turiec Slovenian A. bipunctatus 15.6 0.28 4.22 Bastl et al. (1975) 

Radimna Slovenian A. bipunctatus 14.4 0.30 4.13 Papadopol and Cristofor (1980) 

Croatian- Slovenian A. bipunctatus 15.2 0.28 4.24 Treer et al. (2000) 

Sava Crotia A. bipunctatus 12.0 0.59 4.44 Treer et al. (2006) 
 

 
 

and the relation is said to be isometric when it is equal to 
3 (Carlander, 1977). Treer et al. (2000) examined weight 
expressed positive allometric growth in four out of the five 
locations and negative in one location in Croatia. The 
reasons for the variation of ‘b’ in the different regions are 
said to be due to seasonal fluctuations in environmental 
parameters, physiological conditions of the fish at the 
time of collection, sex, gonad development and nutritive 
conditions in the environment of fish (Biswas, 1993). 

The comparison on growth parameters for this species 
with other studies showed that the present L∞ value 
(104.48 mm) and K value (1.19/year) is not similar with 
them. Table 4 shows the values of L∞ and K variation 
ranging from10.44 (present study) to 20.1 cm for L∞ and 
0.15 to 1.19/year (present study) for K. Table 4 summa-
rizes previous published values of the phi-prime of spirlin 
from other countries. The value of Ø' shows variation, 
ranging from 4.10 to 4.44. In general, the correlated para-
metric values adjust themselves to provide a similar 
growth pattern represented by Ø′ (Sparre and Venema, 
1998). The Ø' was calculated at 4.113 for Iranian popu-
lation of Caspian spirlin in Kesselian. The phi-prime of 
Croatian spirlin, Alburnoides sp is Ø′ = 4.11. This is very 
similar to those from the rivers Radimna (Papadopol and 
Cristofor, 1980) and (Skora, 1972). These data confirm 
the reliability of spirlin growth curves, as the overall 
growth performance Ø′ which has minimum variance 
within the same species (Moreau et al., 1986). These 
values are not different from the phi-primes for the related 
genus Alburnus species. 

Natural mortality (0.97/year) was observed to be lower 
than fishing mortality (2.43/year). The higher value of E 
(E = 0.71) indicates the ‘over-fishing’ condition of Caspian 
spirlin in the study area. According to Gulland (1965), the 
yield is optimized when F = M; therefore, when E is more 
than 0.5, the stock is over-fished. The recruitment pattern 
suggests that annual recruitment consists of two sea-
sonal peaks (Figure 6), two cohorts were produced per 
year and the first peak occurred in June-July and the 
second peak observed in November to December. So far, 
no reports have been published about the recruitment of 
Caspian spirlin from Iran. Recruitment pattern of the fish 
revealed that its recruits into the stock occur almost 
round the year and major spawning is achieved in June 
to July. Fishing pressure is high and need to be reduced 
for sustainable production. Some fishing restriction 
should   be  imposed  to  get  higher  fish  yield  from  that  

basin. 
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