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Abstract 

The present study was carried out to assess the population structure and growth with 

length weight relations, von Bertalanffy equations and artificial neural networks 

(ANNs) of topmouth gudgeon fish, between May 2015 and May 2016, in the Hirfanlı 

Dam Lake. The age of topmouth gudgeon caught from the Hirfanlı Dam Lake ranged 

between I to V years. The von Bertalanffy growth function growth coefficient k was 0.5 

and asymptotic length L∞ was 9.13 mm fork length (FL). The weight-length 

relationship is given by the regression equation W=0.01275334×L
3.0005

 for all 

individual. Growth equations in length (mm) and weight (g g) are: Lt = 9.13 [1–e
–0.380 (t 

+ 0.5)
] and Wt = 10.36 [1–e

–0.380 (t + 0.5)
]

3.0005
 for all individual. Minimum and maximum 

sizes was were 2.7 and 9.2 cm FL for all individuals. Here, we examine the growth 

properties (length and weight) of topmouth gudgeon by modern (artificial neural 

networks) and traditional approaches (Length weight Relations and von Bertalanffy 

growth model) in the Hirfanlı Dam Lake. This study presents the first LWR, von 

Bertalanffy and ANNs references for this species in the Hirfanlı Dam Lake. 
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Introduction 

The topmouth gudgeon, Pseudorasbora 

parva (Temminck and Schlegel, 1846), is 

a small cyprinid fish native in Southeast 

Asia (Carosi et al., 2016). It has been 

introduced to various areas in Europe and 

Asia (Gaviloaie and Falka, 2006) and 

reported by 32 countries from Central Asia 

to North Africa (Gozlan et al., 2010). P. 

parva populations transported to the new 

regions developed rapidly, settled down in 

the field and numerically became the 

predominant species within the fish 

communities they were in.  

Concerns about the negative ecological 

effects of P. parva on local species time 

has increased a lot. P. parva populations 

occurring in European fresh waters display 

a wide morphological variability, 

significantly different from one to another 

(Witkowski, 2006). The first record 

of P.parva in Turkey was reported by 

Erk’akan (1984). Populations of this fish 

were noted throughout the western region 

of Turkey only during the past 20 years. It 

is estimated that this invasive fish may be 

a threat to the endemism and biodiversity 

of inland water fauna, which is rapidly 

dispersed in Anatolia. (Ekmekçi and 

Kırankaya, 2006). 

    The topmouth gudgeon has been 

reported in aquatic systems in terms of 

distribution and biology (Rosecchi and 

Crivelli, 1993; Ekmekçi and Kırankaya, 

2006; Britton et al., 2008; Yağcı et al., 

2014), morphology and reproduction 

(Patimar and Baensaf, 2011; Záhorská et 

al., 2013) and growth properties 

(Kleanthidis and Stergiou, 2006; Britton 

and Davies, 2007; Záhorská et al., 2010; 

Huo et al., 2012; Wang et al., 2012; 

Onikura and Nakajima, 2013; Kırankaya et 

al., 2014; Aazami et al., 2015; Davies and 

Britton, 2015). 

    Length-weight relationship (LWR) and 

von Bertalanffy (VB) are important in 

fisheries science, notably to raise length 

frequency specimen to all catch, or to 

estimate biomass from underwater length 

observations (Usseglio et al., 2015). In 

recent years Artificial Neural Networks 

(ANNs), which are modern mathematical 

methods, are also used in fishing 

applications (Sun et al., 2009; Tureli Bilen 

et al., 2011; Benzer and Benzer, 2015). 

Numerous literature studies have been 

reported in the literature ANNs predict 

future data and their results are better than 

the results of modern methods (Eğrioğlu et 

al., 2008; Suryanarayana et al., 2008; 

Tureli Bilen et al., 2011; Benzer, 2014; 

Christiansen et al., 2014; Benzer et al., 

2015; Al- Benzer et al., 2016; Benzer and 

Benzer 2016;  Maqaleh et al., 2016; 

Ahmadi & Rodehutscord, 2017; Benzer et 

al., 2017). 

     ANNs generalizing, comprehending 

what is in a data set, classifying, and 

adapting to changing conditions. (Brosse 

et al., 1999). In this study, we examined 

the growth properties (length and weight) 

of topmouth gudgeon by modern (ANNs) 

and traditional approaches (LWR and VB 

growth model) in Hirfanlı Dam Lake. 

  

Materials and methods 

Study site 

The study was carried out in the Hirfanlı 

Dam Lake (Fig. 1). Constructed in 1959, 

the Hirfanlı Dam Lake is on river 

Kızılırmak, 70 km far from the south of 

Kırıkkale. It is located at 856 m altitude 

with a capacity of 7.63 x10
9
 m

3
 and an 

area of 320 km
2
. The depth, length and 
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width of the lake are 58 m, 90 and 15 km, 

respectively. It is 24 km far from Ankara - 

Kırşehir and 30 km from Ankara - Adana 

(DSI, 1968). 

 

 

 
Figure 1: Hirfanlı Dam Lake. 

 

Fish samples (Pseudorasbora parva, 

Temminck et Schlegel, 1846) were 

collected from the Hirfanlı Dam Lake. 

During the study, 356 fish specimens (139 

females and 217 males) were caught 

in 2016. The fish samples were obtained 

from commercial fishing fishermen during 

the fishing season in the Hirfanlı Dam 

Lake. A 10 m long seine net, with mesh 

size of 10 mm, was used. Sexes were 

determined by dissection. Scales were 

made by sampling from each specimen to 

determine ages of fish according to Lagler 

(1966). 

 

Length-weight relations 

The LWR were calculated by the method, 

W = aL
b
 , where W is body weight (g), L 

the length (mm), a and b are the 

coefficients of the functional regression 

between W and L (Ricker, 1973). The 

equation was log transformed to estimate 

the parameters ‘a’ and ‘b’. When b is 

equal to three (3), isometric pattern of 

growth occurs but when b is not equal to 

3, allometric pattern of growth occurs, 

which may be positive if >3 or negative if 

<3. 

  

Von Bertalanffy equations 

Growth was estimated using the VB 

growth curve model (Lt =L∞(1 – e 
– k(t – t0 )

)) 

and weight  where Lt = the fork length 

(cm) at age t,  L∞ = the asymptotic length 

(theoretical maximum length), k = the 

Brody growth coefficient (proportional to 

rate at which L∞ is reached), t =the age 

(years), t0 = the age at zero length, Wt is 

the weight of the fish in g at age t, W∞ is 

the asymptotic weight of (theoretical 
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maximum weight) the fish in gram (g) and 

b is the constant in the LWR (Sparre and 

Venema, 1992). The VB growth 

parameters were estimated for both sexes 

determined. 

  

Artificial neural networks 

ANNs is a potential computational tool 

that can be used to estimate seperation 

performance. It has been successfully used 

in many problem-solving areas like 

engineering, accounting, medicine, 

biology and fisheries. This computer 

model is considered as a system to receive 

inputs, to modify weights, and train the 

network before a desired response is 

produced at the output (Hopgood, 

2000; Faris et al., 2014). ANNs can be 

used to estimate the behavior of a system 

with known parameters and to optimize a 

system (Sinha et al., 2013; Samli et al., 

2014). Growth partameters were estimated 

using the artificial neuron model 

( )  

where wi(k)= weight value in discrete 

time k where i goes from 0 to m, xi(k)= 

input value in discrete time k where i goes 

from 0 to m, F = a transferfunction, yi(k) = 

output value in discrete time k (Krenker et 

al., 2011). To solve problems in this study, 

the supervised learning method trained 

with the network structure (Back-

propagation Networks) was applied. 

 

Identification models and statistics 

Neural Network Toolbox of Matlab was 

applied for the ANNs computations.  

MATLAB (matrix laboratory) is 

a multiparadigm numerical computing  

environment and fourth-generation 

programming language. Data were 

categorized as three parts: training, 

validation and test sets. The Matlab 

functions were applied for “training”, 

“testing”, and “validation” and the results 

of these are respectively 70 %, 15 % and 

%15.   

    In this study, the sum of squared 

error   and mean absolute percentage error 

(MAPE  are used as the two performance 

criteria  by Matlab where Yi  is the actual 

observation value, ei   is the difference 

between the actual vale and prediction 

value, and n is the number of total 

observations. Variables are reported as 

Mean ± Sx. Means were compared using 

the t-test (Hald, 1952; Panofsky and Brier 

1968). Statistical analyses were performed 

using SPSS softwares (ver 21). 

  

Results 

There were about 39.04 % females, 60.96 

% males, and discrepancies among age 

groups were not significant (p>0.05) in the  

Hirfanlı Dam Lake. The age group caught 

from Hirfanlı Dam Lake ranged between I 

to V. Most of the samples studied in the 

present study belonged to II and III year 

age group in the Hirfanlı Dam Lake. The 

fork length of individuals which were 

caught (FL) were between 2.7 and 9.2 cm 

and their weights (W) were ranged 

between 0.366 and 8.307 g in the Hirfanlı 

Dam Lake. In all groups, the differences 

between the gender were insignificant 

(p>0.05). 

     The length and weight of an individual 

were known and they were calculated with 

the logarithmic  using the regression 

coefficient (W=a L
b
). The LWR curve is 

shown in Fig. 2 for female and male. 

Growth equations of the length of an 

individual at any age were calculated with 

the VB growth equation using age-length 
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relationship growth data according to sex 

and the length. 

 

 

 

 

Figure 2: Length–weight relationships in female and male. 

 

A multilayer feed-forward neural network 

was used for ANNs. A schematic 

representation of a typical ANNs is shown 

in Fig. 3.  Fig. 4 illustrate graphical 

presentation by ANNs data. 

 

  

 
Figure 3: An ANNs schema. 

 

 

Figure 4: Relationship for ANNs.
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The values came from  actual, ANNs, 

LWR and VB data are shown  in Table 1. 

The actual data, which is collected from 

the Hirfanlı Dam Lake, were shown 

according to the ages of group with 

average length and weight. The calculated 

data obtained from the ANNs, LWR and 

VB equations were presented according to 

the ages of group with length and weight. 

Table 1 were prepared in order to compare 

data of the fish in the Hirfanlı Dam Lake 

with tradional methods (LWR and VB) 

and modern method (ANNs). 

  

Table 1: Actual data, ANNs, von Bertalanffy and length-weight relation with MAPE results. 

 

Discussion 

Topmouth gudgeon which is a small 

species of fish attains maximum lengths 

between 60 and 120 mm TL  (but typically 

up to 50 mm), maturing usually in the first 

year of life (Gozlan et al., 2010). It was 

found 3.52 - 25.49 g for weight and 6.1 

and 11.1 cm for length in the Egirdir Lake 

(Yağcı et al., 2014).  The SL of all the 

topmouth gudgeon population changed 

from 9.26 to 81.89 mm in the Lake 

Lichenskie (Záhorská et al.,  2013). The 

fork length of individuals which were 

caught were between 15 and 104 mm and  

 

their weights were ranged between 0.20 

and 10.40 g for the Ciemięga River 

(Rechulicz, 2011). The fork length of 

individuals which were caught were 

between 18.02 and 96.24 mm in the  

Hirfanlı Resevoir (Kırankaya et al., 2014). 

Females fork length 2.1 - 59.8 mm, males 

1.9 - 89.2 mm; females weight 28.7 - 73.1  

g, males weight 30.2 – 89.2  g at the 

Gelingüllü Dam Lake (Yalçın Özdilek et 

al., 2013). 

    The slope (b) values of the LWR is a 

2.9727 for males and 3.037 for females in 

the Hirfanlı Dam Lake. While Wang et al. 

Age Gender 
ACTUAL 

DATA ANNs MAPE (%) 

Length 

Weight 

Relations MAPE (%) 

Von 

Bertalanfy MAPE (%) 

Length Weight Length Weight Length Weight Length Weight Length Weight Length Weight Length Weight 

1 

Female - - - - - - - - - - - - - - 

Male - - - - - - - - - - - - - - 

All 3.974 0.854 3.951 0.899 0.561 5.250 4.060 0.801 2.156 6.194 3.967 0.850 0.186 0.515 

2 

Female 5.300 1.900 5.307 1.882 0.128 0.926 5.256 1.948 0.826 2.553 5.743 2.499 2.457 31.498 

Male 4.838 1.446 4.827 1.430 0.225 1.098 4.829 1.427 0.178 1.307 5.612 2.430 2.466 68.036 

All 4.930 1.537 4.903 1.439 0.539 6.346 4.936 1.530 0.152 0.456 5.599 2.389 2.384 55.510 

3 

Female 7.213 5.312 7.206 5.283 0.087 0.558 7.374 4.968 2.232 6.485 6.884 4.303 4.552 19.007 

Male 7.218 4.935 7.177 4.935 0.574 0.013 7.343 4.689 1.735 4.981 6.715 4.162 6.968 15.645 

All 7.216 5.094 7.188 5.072 0.381 0.430 7.367 4.797 2.021 5.827 6.715 4.122 6.936 19.067 

4 

Female 7.666 6.060 7.628 5.994 0.492 1.079 7.700 5.978 0.446 1.345 7.615 5.825 0.655 3.878 

Male 7.588 5.293 7.572 5.324 0.199 0.580 7.519 5.438 0.908 2.749 7.486 5.766 1.340 8.944 

All 7.614 5.548 7.589 5.438 0.315 1.998 7.575 5.635 0.512 1.554 7.479 5.694 1.771 2.626 

5 

Female 7.967 6.025 7.980 5.367 0.173 10.921 7.685 6.720 3.533 11.548 8.084 6.967 1.472 15.646 

Male 8.088 6.414 7.999 6.523 1.099 1.694 8.021 6.576 0.835 2.524 8.024 7.101 0.794 10.713 

All 8.031 6.232 7.978 5.911 0.665 5.138 7.873 6.614 1.966 6.140 8.001 6.972 0.381 11.876 
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(2012) found b values as a 3.120 for the 

Yangtze River, Huo et al. (2012) found b 

values as a 3.02 for the Tarım River. It was 

calculated as b=2.93, b=2.73 for females 

and males individual respectively (Patimar 

and Baensaf, 2011) for Wetland of Alma-

Gol. The b value determined at the 

Hirfanlı Dam Lake is similar to the results 

of some studies (Patimar and Baensaf, 

2011; Aazami et al., 2015; Radkhah and 

Eagderi, 2015) (Table 2). 

 

 

Table 2: LWR (a and b), growth (L∞, K, t0) parameters in literature. 

a
 male, 

b
 female 

 

The b value is frequently 3.0 and usually 

between 2.5 and 3.5. Owing the 

approximately cubic relationships between 

fish length and weight, changes in weight 

are relatively more than changes in length 

as the fish growth. The b values are 

specific and change with sex, age, seasons, 

physiological conditions, growth 

increment and nutritional status of fish 

(Ricker, 1973; Bagenal and Tesch, 1978). 

   Differences of the length and weight in 

the fish growth can be clarified as a 

reaction (Nikolsky, 1963). The VB 

growthequations were: Lt = 8.82 [1 – e
-0.445 

(t+0.32)
] for females, Lt = 9.27 [1 - e

-

0.359 (t+0.59)
] for males and Lt = 9.13 [1 - e

-

0.380(t+0.50)
] for all individual for the Hirfanlı 

Dam Lake (Table 2). The VB growth 

equations parameters of  P. parva which 

Study Area 
Length 

Range 
a b L∞ k t0 Ref. 

Iran 4.15-6.87 0.0172 2.848 - - - Esmaeili & Ebrahimi (2006) 

Lake Doirani, Lake Mikri 
Prespa and Lake Volvi 

5.4-8.3 0.0472 2.117 - - - Bobori et al. (2010) 

Tajan River 4.6-7.5 0.0091 3.1    Aazami et al. (2015) 

Sur Pond 18.16-67.57 - - 
49.82a 

59.35b 

0.212a 

0.210b 

-1.646a 

-1.071b 
Zahorska et al. (2010) 

Wetland of Alma-Gol 

 
- 

0.014a 

0.010b 

2.73a 

2.93b 
- - - Patimar  and Baensaf (2012) 

Ushize River - - - 49.71 0.97 -0.60 Onikura and Nakajima (2013) 

Sirwan River 3.0-7.2 0.004 3.37 - - - Hasankhani et al. (2014) 

Hirfanlı Dam Lake 18.02-96.24 -2.2432 3.3237 - - - Kırankaya et al. (2014) 

Tajan River 4.6-7.5 0.0091 3.1 - - - Aazami et al. (2015) 

Zarrineh River 3.1-7.5 0.0097 3.15 - - - Radkhah and Eagderi, (2015) 

Tiber River Basin - 0.021 2.673 - - - Carosi et al. (2016) 

Mogan Lake 4.2 - 9.2 
0.00001264a 
0.0000202b 

2.9409a 
2.8395b 

10.764a 
10.064b 

0.316a 
0.375b 

-0.74a 
-0.57b 

Benzer et al. (2016) 

Hirfanlı Dam Lake 2.7-9.2 
0.0315a 
0.0122b 

2.9727a 

3.037b 
9.27a 

8.82b 
0.380a 

0.359b 
-0.50a 
-0.59b 

This study 
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are located in various locations are given 

in Table 2. 

     The estimated growth parameters are 

model dependent; as a result, model choice 

uncertainty may be quite high in certain 

data sets. Disregarding this uncertainty 

may cause consequential overestimation of 

the precision and estimation of the 

confidence intervals of the parameters 

below the nominal level. This uncertainty 

has serious implications, e.g., when 

comparing the growth parameters of 

different fish populations. The set of 

candidate models should involve at least 

the VB model, one or more sigmoid 

growth curves, and one or more non- 

asymptotic models (Katsanevakis and 

Maravelias, 2008). An older population 

that is not caught is used in the VB model. 

The VB model gives better results with 

advancing age (Narinc et al., 2010). 

    ANNs performance criteria (MAPE, 

SSE and r
2
 - Coefficient correlation) has 

been found to give better results (Table 3). 

The MAPE criterion refers to prediction 

errors as a percentage. MAPE values 

obtained from the model less than 10% are 

classified as "high accuracy" and stated as 

appropriate estimators (Lewis, 1982; Witt 

and Witt, 1992). As seen in Table 3, ANNs 

gives better results than LWR and VB. In 

the literatures, it is stated that ANNs 

MAPE values are lower than traditional 

methods (Tureli et al., 2011; Benzer et al., 

2015; Benzer and Benzer, 2016; Benzer et 

al., 2016; Benzer and Benzer, 2017). 

 

Table 3: Performans results with LWR, VB and ANNs. 

 
SSE MAPE (%) r

2
  

(Coefficient correlation) Length Weight Length Weight 

LWR 876.376 1758.621 1.361 4.034 0.937 

VB - - 2.332 17.919 - 

ANNs 270.380 471.189 0.492 3.832 0.974 

     VB value is not calculated for comparison (SSE and r
2
). VB is only available for all ages. 

 

Growth properties of top mouth gudgeon 

in the Hirfanlı Dam Lake have been 

revealed by LWR, VB and ANNS. Using 

ANNs as an estimation tool in the study 

found that it gave very good results. 

Therefore, ANNs were considered to be an 

option in the evaluation of growth 

properties. The potential use of accurate 

forecasts in decision making and fisheries 

management are supported directly by the 

findings of the present study. 

  

Acknowledgments 

We would like to thank all the referees, 

who have added value to our paper with 

their thorough reviews and 

recommendations. This study has been 

accepted for oral presentation at 

International Conference on Civil and 

Environmental Engineering (ICOCEE-

2017), Cappadocia, Turkey. 

  

References 

 Aazami, J., Esmaili-Sari, A., Abdoli, A., 

Sohrabi, H. and Van Den Brink, P.J., 

2015. Length-weight relationships of 14 

fish species from Tajan River, Southern 

Caspian Sea basin, Iran. Iranian 

Journal of Ichthyology, 2(4), 299-301. 

Ahmadi, H. and Rodehutscord, M., 

2017. Application of artificial neural 

network and support vector machines in 

predicting metabolizable energy in 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
20

.1
9.

3.
21

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
26

-0
7-

12
 ]

 

                             8 / 13

https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.21.7
https://jifro.ir/article-1-3054-en.html


Iranian Journal of Fisheries Sciences 19(3) 2020                                      1106 

compound feeds for pigs. Frontiers in 

Nutrition, 4, 27.   

    DOI:10.3389/fnut.2017.00027 

Al-Maqaleh, B.M., Al-Mansoub, A.A. 

and Al-Badani, F.N., 2016. 

Forecasting using artificial neural 

network and statistics models. I.J. 

Education and Management 

Engineering, 3, 20-32.  

     DOI: 10.5815/ijeme.2016.03.03 

Bagenal, T.B. and Tesch, F.W., 

1978. Age and growth. In: Methods for 

assessment of fish production in fresh 

waters. IBP Handbook No. 3. T. 

Bagenal (Ed.). Blackwell Scientific 

Publications, Oxford, pp. 101–136. 

Benzer, R., 2014. Population dynamics 

forecasting using artificial neural 

networks. Fresenius Environmental 

Bulletin, 12, 1-15. 

Benzer, R. and Benzer, S., 2015. 

Application of artificial neural network 

into the freshwater fish caught in 

Turkey. International Journal of 

Fisheries and Aquatic Studies, 2(5), 

341-346. 

Benzer, S., Karasu Benli, Ç. and Benzer, 

R., 2015. The comparison of growth 

with length-weight relation and 

artificial neural networks of 

crayfish, Astacus leptodactylus, in 

Mogan Lake. Journal of the Black Sea / 

Mediterranean Environment, 21(2), 

208-23. 

Benzer, S. and Benzer, R., 2016. 

Evaluation of growth in pike (Esox 

lucius L., 1758) using traditional 

methods and artificial neural 

networks. Applied Ecology and 

Environmental Research, 14(2), 543-

54. DOI:10.15666/aeer/1402_543554 

Benzer, S., Benzer, R. and Gül, A., 

2016. Artificial neural network 

applications for biological systems: The 

case study of Pseudorasbora parva. 

Developments in Science and 

Engineering. St. Kliment Ohridski 

University Press 49-59. 144 P.  

Benzer, S. and Benzer, R., 2017. 

Comparative growth models of big-

scale sand smelt (Atherina boyeri Risso, 

1810) sampled from Hirfanlı Dam 

Lake, Kırşehir, Ankara, 

Turkey. Computational Ecology and 

Software, 7(2), 82-90. 

Benzer, S., Benzer, R. and Günay, A.Ç., 

2017. Artificial neural networks 

approach in morphometric analysis of 

crayfish (Astacus leptodactylus) in 

Hirfanlı Dam Lake.  Biologia, 72(5), 

527-35. DOI:10.1515/biolog-2017-

0052 

Bobori, D.C., Moutopoulos, D.K., Bekri, 

M., Salvarina, I. and Munoz, A.I.P., 

2010. Length-weight relationships for 

freshwater fishes caught in three Greek 

lakes. Journal of Biological Research-

Thessaloniki, 14, 219-224. 

Britton, J.R. and Davies, G.D., 2007. 

Length–weight relationships of the 

invasive topmouth gudgeon 

(Pseudorasbora parva) in ten lakes in 

the UK. Journal of Applied 

Ichthyology, 23(5), 624-626. 

Britton, J.R., Davies, G.D. and Brazier, 

M., 2008. Contrasting life history traits 

of invasive topmouth gudgeon 

(Pseudorasbora parva) in adjacent 

ponds in England. Journal of Applied 

Ichthyology, 24(6), 694-698. 

Brosse S., Guegan, J., Tourenq, J. and 

Lek, S., 1999. The use of artificial 

neural networks to assess fish 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
20

.1
9.

3.
21

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
26

-0
7-

12
 ]

 

                             9 / 13

https://doi.org/10.1515/biolog-2017-0052
https://doi.org/10.1515/biolog-2017-0052
https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.21.7
https://jifro.ir/article-1-3054-en.html


1107 Benzer and Benzer, Growth and length–weight relationships of Pseudorasbora parva in... 

abundance and spatial occupancy in the 

littoral zone of a mesotrophic 

lake. Ecological Modelling, 120(2-3), 

299-311.  DOI:10.1016/S0304-

3800(99)00110-6 

Carosi, A., Ghetti, L. and Lorenzoni, 

M., 2016. Status of Pseudorasbora 

parva in the Tiber river basin (Umbria, 

central Italy) 20 years after its 

introduction. Knowledge and 

Management of Aquatic 

Ecosystem, 417(22), 11.  

DOI:10.1051/kmae/2016009 

Christiansen, N.H., Voie, E.T., Winther, 

O. and Høgsberg, J., 2014. 

Comparison of  neural network error 

measures for simulation of slender 

marine structures.  Journal of Applied 

Mathematics, 2014, 

11. DOI:10.1155/2014/759834 

Davies, G.D. and Britton, J.R., 2015. 

Influences of population density, 

temperature and latitude on the growth 

of invasive topmouth gudgeon 

Pseudorasbora parva. Ecology of 

Freshwater Fish, 24(1), 91-98. 

DSI, 1968. Limminological survey report 

of Hirfanli Dam Lake, Ankara, Turkey. 

Eğrioğlu, E., Aladağ, Ç.H. and Günay, 

S., 2008. A new model selection 

strategy in artificial neural 

networks. Applied Mathematics and 

Computation, 195(2), 591-597.  

DOI:10.1016/j.amc.2007.05.005 

Ekmekçi, F.G. and Kırankaya, G.Ş., 

2006. Distribution of an invasive fish 

species. Pseudorasbora parva  

(Temminck and Schlegel, 1846) in 

Turkey. Turkish Journal of Zoology, 30, 

329–334. 

Erk’akan, F., 1984. Trakya bölgesinden 

Türkiye için yeni kayıt olan bir balık 

türü Pseudorasbora parva (Pisces-

Cyprinidae). Doğa Bilim Dergisi A, 2, 

350-351. 

Esmaeili, H.R. and Ebrahimi, M., 2006. 

Length–weight relationships of some 

freshwater fishes of Iran. Journal of 

Applied Ichthyology, 22(4), 328-

329. DOI: 10.1111/j.1439-

0426.2006.00653.x 

Faris, H., Alkasassbeh, M. and Rodan, 

A., 2014. Artificial neural networks for 

surface ozone prediction: Models and 

analysis. Polish Journal of 

Environmental Studies, 23, 341–348. 

Gaviloaie, I.C. and Falka, I., 2006. 

Consideraţii asupra răspândiri actuale a 

murgoiului bălţat – Pseudorasbora 

parva (Temminck and Schlegel, 1846) 

(Pisces, Cyprinidae, Gobininae) – in 

Europa. Brukenthal Acta Musei, 1(3), 

145-149. 

Gozlan, R.E., Andreou, D., Asaeda, T., 

Beyer, K., Bouhadad, R., Burnard, 

D., Caiola, N. Cakic, P., Djikanovic, 

V.,  Esmaeili, H.R., Istvan Falka, I., 

Golicher, D., Harka, A., Jeney, G., 

Kovac, V.,  Musil, J., Nocita, A., 

Povz, M., Poulet, N., Virbickas, T., 

Wolter, C., Tarkan, A.S., Tricarico, 

E., Trichkova, T., Verreycken, H., 

Witkowski, A., Zhang, C., 

Zweimueller, I. and Britton, I.R., 

2010. Pan-continental invasion 

of Pseudorasbora parva: towards a 

better understanding of freshwater fish 

invasion, Fish and Fisheries, 11, 315-

340.  DOI:10.1111/j.1467-

2979.2010.00361.x 

Hald, A., 1952. Statistical theory with 

engineering applications. Wiley, New 

York, 783 P.   

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
20

.1
9.

3.
21

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
26

-0
7-

12
 ]

 

                            10 / 13

https://doi.org/10.1016/S0304-3800\(99\)00110-6
https://doi.org/10.1016/S0304-3800\(99\)00110-6
https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.21.7
https://jifro.ir/article-1-3054-en.html


Iranian Journal of Fisheries Sciences 19(3) 2020                                      1108 

Hasankhani, M., Keivany, Y., Daliri, 

M., Pouladi, M. and Soofiani, N.M. 

2014. Length–weight and length–length 

relationships of four species (Barbus 

lacerta, Pseudorasbora parva, Squalius 

lepidus and Oxynoemacheilus angorae) 

from the Sirwan River, western 

Iran. Journal of Applied 

Ichthyology, 30(1), 206-207.  

DOI: 10.1111/jai.12319 

Hopgood, A.A., 2000. Intelligent systems 

for engineers and scientists. CRC Press, 

Florida, 461 P. 

Huo, T.B., Jiang, Z.F., Karjan, A., 

Wang, Z.C., Tang, F.J. and Yu, H.X., 

2012. Length–weight relationships of 

16 fish species from the Tarim River, 

China. Journal of Applied Ichthyology, 

28, 152–153. DOI: 10.1111/j.1439-

0426.2011.01899.x 

Katsanevakis, S. and Maravelias, C.D., 

2008. Modelling fish growth: multi-

model inference as a better alternative 

to a priori using von Bertalanffy 

equation. Fish and Fisheries, 9, 178–

187. DOI: 10.1111/j.1467-

2979.2008.00279.x 

Kırankaya, Ş.G., Ekmekçi, F.G., Yalçın 

Özdilek, Ş., Yoğurtçuoğlu, B. and 

Gençoğlu, B., 2014. Condition, length-

weight and length-length relationships 

for five fish species from Hirfanli 

Reservoir, Turkey. Journal of Fisheries 

Sciences, 8(3), 208-213. 

 DOI:  10.3153/jfscom.201426 

Kleanthidis, P.K. and Stergiou, K.I., 

2006. Growth parameters and length-

length relationships of Greek freshwater 

fishes. pp. 69-77. In M.L.D. Palomares, 

K.I. Stergiou and D. Pauly (eds.) Fishes 

in databases and ecosystems. Fisheries 

Centre Research Reports, 14(4). 

Fisheries Centre, University of British 

Columbia. 

Krenker, A., Bes  ter, J. and Kos, A., 

2011. Introduction to the artificial 

neural networks, artificial neural 

networks - methodological advances 

and biomedical applications, Prof. 

Kenji Suzuki (Ed.), ISBN: 978-953-

307-243-2.  

Lagler, K.F., 1966. Freshwater fishery 

biology. W.M.C. Brown Company, 

Dubuque, IA. 421 P. 

Lewis, C.D., 1982. Industrial and business 

forecasting methods. London: 

Butterworths. 144 P. 

Narinc, D., Karaman, E., Firat, M.Z. 

and Aksoy, T., 2010. Comparison of 

non-linear growth models to describe 

the growth in Japanese Quail. Journal 

of Animal and Veterinary Advances, 9, 

1961-1966.  

 DOI: 10.3923/javaa.2010.1961.1966 

Nikolsky, G.V., 1963. The ecology of 

fishes. Academy Press, London and 

New York. 352 P. 

Onikura, N. and Nakajima, J., 2012. 

Age, growth and habitat use of the 

topmouth gudgeon, Pseudorasbora 

parva in irrigation ditches on 

northwestern Kyushu Island, Japan. 

Journal of Applied Ichthyology,  2012, 

1–7. DOI:  10.1111/j.1439-

0426.2012.02041.x 

Onikura, N. and Nakajima, J., 2013. 

Age, growth and habitat use of the 

topmouth gudgeon, Pseudorasbora 

parva in irrigation ditches on 

northwestern Kyushu Island, 

Japan. Journal of Applied 

Ichthyology, 29(1), 186-192.  

DOI: 10.1111/j.1439-

0426.2012.02041.x 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
20

.1
9.

3.
21

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
26

-0
7-

12
 ]

 

                            11 / 13

http://dx.doi.org/10.3923/javaa.2010.1961.1966
https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.21.7
https://jifro.ir/article-1-3054-en.html


1109 Benzer and Benzer, Growth and length–weight relationships of Pseudorasbora parva in... 

Panofsky, H.A. and Brier, G.W., 

1968. Some applications of statistics to 

meteorology. Earth and Mineral 

Sciences Continuing Education, 

College of Earth and Mineral Sciences. 

224 P.  

Patimar, R. and Baensaf, S., 2011. 

Morphology, growth and reproduction 

of the non-indigenous topmouth 

gudgeon Pseudorasbora Parva  

(Temminck Et Schlegel, 1846) in The 

Wetland of Alma-Gol, Northern 

Iran. Russian Journal of Biological 

Invasions, 3(1):71-75.  

DOI: org/10.1134/S2075111712010079 

Radkhah, A. and Eagderi, S., 2015. 

Length-weight and length-length 

relationships and condition factor of six 

cyprinid fish species of Zarrineh River 

(Urmia Lake basin, Iran). Iranian 

Journal of Ichthyology, 2(1), 61-64. 

Rechulicz, J., 2011. Monitoring of the 

topmouth gudgeon, pseudorasbora 

parva (actinopterygii: cypriniformes: 

cyprinidae) in a small upland Ciemiega 

River, Poland. Acta Ichthyologica et 

Piscatoria, 41(3), 193-199.Ricker, 

W.E., 1973. Linear regressions in 

fishery research. Journal of the 

Fisheries Research Board of 

Canada, 30, 409–434.  

DOI: 10.1139/f73-072. 

Rosecchi, E. and Crivelli, A.J., 1993. 

The establishment and impact 

of Pseudorasbora parva, an exotic fish 

species introduced into Lake Mikri 

Prespa (north-western Greece).  Aquatic 

Conservation: Marine and Freshwater 

Ecosystems, 3, 223-231.  

DOI:10.1002/aqc.3270030306 

Samli, R., Sevgen, S., Sivri, N. and 

Kiremitçi, V.Z., 2014. Applying 

artificial neural networks for the 

estimation of Chlorophyll-a 

concentrations along the Istanbul 

Coast. Polish Journal of Environmental 

Studies, 4, 1281-1287. 

Sinha, K., Chowdhury,  S.,  Das Saha, P. 

and Datta, S., 2013. Modeling of 

microwave-assisted extraction of 

natural dye from seeds of Bixa 

orellana (Annatto) using response 

surface methodology (RSM) and 

artificial neural network 

(ANN). Industrial Crops and 

Products, 41(2013), 165-171.  

DOI:10.1016/j.indcrop.2012.04.004 

Sparre, P. and Venema, S.C., 

1992. Intoduction to tropical fish stock 

assessment. Part 1. Manual. FAO 

Fisheries Technical Paper no 306. (Rev. 

1). FAO, Rome, 376 P. 

Sun, L, Xiao, H., Li, S. and Yang, D., 

2009. Forecasting fish stock 

recruitment and planning optimal 

harvesting strategies by using neural 

network. Journal of Computers, 4(11), 

1075-1082. DOI:  

10.4304/jcp.4.11.1075-1082 

Suryanarayana, I, Braibanti, A., Rao, 

R.S., Ramamc, V.A., Sudarsan, D. 

and  Rao, G.N., 2008. Neural networks 

in fisheries research. Fisheries 

Research, 92, 115–139.  

DOI: 10.1016/j.fishres.2008.01.012 

Tureli Bilen, C, Kokcu, P. and  Ibrikci, 

T., 2011. Application of artificial neural 

networks (ANNs) for weight 

predictions of blue crabs (Callinectes 

sapidus Rathbun, 1896) using predictor 

variables. Mediterranean Marine 

Science, 12(2), 439-446. 

 DOI: 10.12681/mms.43 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
20

.1
9.

3.
21

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
26

-0
7-

12
 ]

 

                            12 / 13

https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.21.7
https://jifro.ir/article-1-3054-en.html


Iranian Journal of Fisheries Sciences 19(3) 2020                                      1110 

Usseglio, P., Friedlander, A.M., 

DeMartini, E.E., Schuhbauer, A., 

Schemmel, E.  and Salinas de Léon, 

P., 2015. Improved estimates of age, 

growth and reproduction for the 

regionally endemic Galapagos sailfin 

grouper Mycteroperca olfax (Jenyns, 

1840). PeerJ, 3, e1270.  

 DOI: 10.7717/peerj.1270 

Wang, T., Wang, H.S., Sun, G.W., 

Huang, D. and Shen, J.H., 2012. 

Length-weight and length-length 

relationships for some Yangtze River 

fishes in Tian-e-zou Oxbow, 

China. Journal of Applied Ichthyology, 

28, 660-662. DOI:10.1111/j.1439-

0426.2012.01971.x 

Witkowski, A., 2006. Nobanis-invasive 

alien species fact sheet-Pseudorasbora 

parva- from: Online database of the 

North European and Baltic Network on 

invasive alien species –NOBANIS.  

Witt, S.F. and Witt, C.A., 

1992. Modelling and forecasting 

demand in tourism. Londra: Academic 

Press. 192 P.  

Yağcı, A, Apaydın Yağcı, M., Bostan, H. 

and Yeğen, V., 2014. Distribution of 

the topmouth gudgeon, Pseudorasbora 

parva (Cyprinidae:Gobioninae) in Lake 

Eğirdir, Turkey. Journal of Survey in 

Fisheries Sciences, 1(1), 46-55. 

Yalçın Özdilek, Ş, Kırankaya, Ş.G. and 

Ekmekçi, F.G., 2013. Feeding Ecology 

of the topmouth 

gudgeon Pseudorasbora parva  

(Temminck and Schlegel, 1846) in the 

Gelingüllü Reservoir, Turkey. Turkish 

Journal of Fisheries and Aquatic 

Sciences, 13, 87-94.  DOI: 

10.4194/1303-2712-v13_1_11. 

Záhorská, E., Kováč, V. and Katina, S., 

2010. Age and growth in a newly-

established invasive population of 

topmouth gudgeon.  Central European 

Journal of Biology, 5(2), 256-

261. DOI:10.2478/s11535-010-0002-8 

Záhorská, E., Balazova, M. and Surova, 

M., 2013. Morphology, sexual 

dimorphisim and size maturation in 

topmouth gudgeon (Pseudorasbora 

parva) from the heated Lake 

Lichenskie.  Knowledge and 

Management of Aquatic Ecosystems 

411-07.  doi:10.1051/kmae/2013074 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
20

.1
9.

3.
21

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
fr

o.
ir

 o
n 

20
26

-0
7-

12
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.21.7
https://jifro.ir/article-1-3054-en.html
http://www.tcpdf.org

