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A B S T R A C T   A R T I C L E  I N F O  

Comparative assessments of mean growth rates in length across fish populations 

are useful for gaining insights into the conservation, management and control of 

species, especially at larger scales of distribution. The purpose of this study was 

to refine the Growth Index (GI), a useful measure for comparing species-specific 

growth rates in fish. Using literature-based length-at-age data for 299 populations 

of roach Rutilus rutilus, a widespread freshwater fish of Eurasian distribution, the 

GI was calibrated and the previously semi-quantitatively defined ‘slow’, 

‘average’ and ‘fast’ growth categories were quantitatively re-defined. A threshold 

value of 114% GI separated ‘slow’ from ‘average’ growth populations and of 

155% GI ‘average’ from ‘fast’ growth populations. Slow growth rates were 

identified along the entire latitudinal range of the species’ distribution, whereas 

below ≈37ºN all types of growth were encountered, indicating the importance of 

waterbody-related environmental factors in affecting growth in roach. Given the 

relatively widespread usage of the GI, species-specific calibrations leading to 

improved definition of corresponding growth bands are recommended for other 

widespread fish species of both economic value and ecological concern. 
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Boyca Büyümeyi Ölçen Büyüme İndeksinin Tekrar Değerlendirilmesi: Kızılgöz, Rutilus rutilus Uygulaması 

Öz: Balık populasyonları arasında boyca ortalama büyüme oranlarının karşılaştırmalı değerlendirmeleri özellikle yaygın dağılımları 

olan balıklarda türlerin kontrolü, yönetimi ve korunmasına yönelik bilgi edinme anlamında yararlıdır. Sunulan çalışmanın amacı 

balıklarda türe özgü büyüme oranlarını karşılaştırmada kullanışlı bir ölçü olan Büyüme İndeksi (Bİ)’ni düzenlemektir. Geniş bir 

Avrasya dağılımına sahip yaygın tatlı su balığı kızılgöz, Rutilus rutilus türünün 299 populasyonunda literatür tabanlı yaştaki boy 

verileri kullanılarak, Bİ kalibre edilmiş ve daha önce yarı kantitatif olarak ‘yavaş’, ‘ortalama’ ve ‘yüksek’ olarak tanımlanan büyüme 

kategorileri kantitatif olarak tekrar tanımlanmıştır. Eşik değeri olarak %114 Bİ ‘yavaş’ büyüyen popülasyonları ‘orta’ hızda büyüyen 

popülasyonlardan ayırırken, %155 Bİ değeri ‘orta’ hızda büyüyen popülasyonlardan ‘hızlı’ popülasyonları ayırmıştır. Yavaş 

büyüme oranları türün bütün enleme bağlı dağılım alanından tespit edilirken, ≈37ºN enleminin altında bütün büyüme tiplerine 

rastlanılmıştır bu durum da kızılgözün büyümesini etkileyen su kütlesine bağlı faktörlerin önemini göstermiştir. Bİ’nin nispeten 

yaygın kullanımı dikkate alındığında, büyüme kategorilerinin gelişmiş tanımlamalarını yapmaya yönelik türe özgü kalibrasyonların 

yapılması ekonomik değeri olan ve ekolojik önemi olan diğer geniş dağılımlı balık türleri için önerilir.  

Anahtar kelimeler: Kızılgöz, enlem, yaş-boy, von Bertalanffy büyüme fonksiyonu 
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Introduction 

Knowledge of fish growth is fundamental  

for understanding species’ life histories,  

population dynamics and fisheries sustainability  

(Beddington and Kirkwood 2005; Frisk et al. 2005), 

and in this respect comparative studies on freshwater 

fish growth at the regional (e.g. Britton et al. 2012;  

Vilizzi et al. 2013, 2015b), continental (e.g.  

Copp et al. 2009) and trans-continental scale (e.g. 

Copp et al. 2004) have provided useful insights for 

conservation, management and control.  

Typically, comparative assessments of population 

mean growth rates in length have relied on  

the use of indices, which represent a convenient  

http://doi.org/10.17216/LimnoFish-5000127509


 
 

 
 

  

 

 

 
50 

 
Tarkan and Vilizzi 2016 - LimnoFish 2(1): 49-58 

  
way to summarise growth especially  

in widespread fish species (Britton 2007;  

but see Zivkov et al. 1999). 

The roach Rutilus rutilus (Linneaus, 1758) is a 

widespread eurythermal cyprinid of native Eurasian 

distribution (Froese and Pauly 2015) that is abundant 

in rivers, lakes and reservoirs, but also encountered 

in brackish waters (Pęczalka 1968; Kozlovskiy 1992; 

Lappalainen et al. 2005; 2008). This species is valued 

for recreational fishing throughout Europe (Frimodt 

1995) and its generalist feeding habits, combined 

with the high densities often achieved under 

favourable habitat conditions, make it a strong 

competitor with other fishes (Griffiths 1997). This 

leads sometimes to severe population reductions or 

even extinction in the species’ introduced areas of 

distribution (Harrod et al. 2001). In this respect, intra-

continentally roach has recently expanded its 

southern and western European range of distribution 

following introductions in the 19th century into the 

Italian (Volta and Jepsen 2008) and Iberian 

peninsulas (García-Berthou 1999) and into Ireland 

(Harrod et al. 2001). Whereas, translocations have 

occurred across much of Great  

Britain (Copp et al. 2005; Graham and Harrod 2009), 

Anatolia (Turkey; Ergüden et al. 2008)  

and in the Xinjiang Province of China  

(Hui Wei, pers. comm.). 

One comparative index that has been used for 

quantifying growth in length of fish is the Growth 

Index (GI: Hickley & Dexter 1979). The GI 

categorises the growth of a fish population  

semi-quantitatively into ‘slow’, ‘average’ or ‘fast’ if 

less than, greater than or equal to, respectively, a 

reference value of 100. The GI has so far been applied 

to a number of species including R. rutilus  

(Cowx 1989) as well as other cyprinid  

(Treer et al. 1997; 1998; 2000; Tarkan et al. 2011; 

Emiroğlu et al. 2012) and non-cyprinid fishes (e.g. 

Treer et al. 1998). However, an intrinsic limitation 

with the definition of the GI is that it does not provide 

for a confidence interval against which to gauge the 

growth of a population either above or below average  

(see ‘Sorites paradox’: Vilizzi 2011), nor does it 

clearly define the range in values of the three 

resulting growth bands. The aim of this study was 

therefore to: (i) calibrate the GI based on a  

near-comprehensive dataset of growth in length of  

R. rutilus across its entire range of Eurasian 

distribution, and (ii) re-define the corresponding 

‘slow’, ‘average’ and ‘fast’ growth bands 

accordingly. Based on the outcomes of the present 

quantitative evaluation, an overall assessment is 

made of the growth of R. rutilus across its 

distributional range, with special emphasis on the 

southern limits where the species has also been 

introduced. 

Materials and Methods 
Data collation and analysis 

Growth data for R. rutilus were obtained from 

tables, text or figures as available in publications 

from the peer-reviewed and gray literature, including 

primary and secondary sources (i.e. data 

opportunistically retrieved through the former).  

A necessary condition for inclusion of a study into 

the review was that it should provide mean length-at-

age (LAA) values for the population(s) under 

investigation. An exception was the study by Wilson 

(1971) on R. rutilus from Chew Valley Lake 

(England, UK), which was excluded from the review 

due to reported errors in age estimates (see White and 

Williams 1978). 

Growth data for populations of the Caspian roach 

R. r. caspicus (Yakovlev, 1870) were also included 

for both historical and taxonomical reasons. In the 

former case, a number of studies has incorporated 

this taxon into large-scale life-history trait 

comparisons (e.g. Kas'yanov et al. 1995;  

Zivkov and Raikova-Petrova 2001; Lappalainen  

et al. 2008), and for consistency this approach was 

followed in the present review. In the latter case, 

phylogenetic studies have so far provided 

inconclusive evidence to categorise the Caspian 

roach as a different species (i.e. R. caspicus), hence 

contrary to Froese and Pauly (2015). Thus, despite 

low genetic divergence between R. caspicus and  

R. frisii (Nordmann, 1840) (the latter from the Black 

and Azov Sea basins, but also from part of the 

Caspian Basin and Lake İznik in Anatolia)  

(Ketmaier et al. 2008; Larmuseau et al. 2009), 

haplotypes of R. r. caspicus have been found to be 

highly similar to those of R. rutilus from Lake Volvi 

in Northern Greece, which is considered to be the 

home of the west-European and Ponto-Caspian  

R. rutilus clades (Tsoumani et al. 2014).  

This finding therefore supports historical  

evidence for the existence of a  

subspecies at most (www.briancoad.com/

Species%20Accounts/FFI%20Complete.htm 

accessed 15/06/2015]). 

For comparative purposes and consistency with 

other studies (e.g. Hickley and Dexter 1979; Britton 

2007), fork length (FL) was the reference length 

measurement employed across the reviewed studies. 

Consequently, whenever required mean LAA values 

were expressed as FL (mm; converted from cm or 

inches, if originally reported as such) using the 

following species-specific conversion factors from 

SL (standard length) or TL (total length)  

(Froese and Pauly 2015): 
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FL = 1.152 SL 

 

FL = 0.802 TL 

 

Notably, for those studies (mainly from former 

USSR countries) providing no indication of the 

length measurement employed, this was taken to be 

SL (see Vilizzi et al. 2015b). On the contrary, for 

those studies (8% in total) where no indication of the 

length used was reported, this was taken to be FL, 

which represented the nearest-accurate and 

‘judicious’ choice given possible conversion from  

SL or TL. 

 

Growth Index 

The GI (%) is computed as the mean value of the 

growth in length of fish in each age class of a certain 

population and with reference to an age class-specific 

global growth value for the species under study: 

 

GI = Σ FLoi/FLri ∙ 100 

 

where FLoi and FLri are the observed (o) and 

reference (r) mean FL, respectively, and i is the 

(estimated) age of the fish. Notably, the age  

class-specific global growth value for the species is 

estimated from a global von Bertalanffy growth 

function (VBGF) fitted to the LAA values from a 

sample of populations (n = 14 in Hickley and Dexter 

1979). For the present purposes, the GI was used to 

assess the extent of growth in roach over the entire 

life span of each of the reviewed populations. 

 

Statistical analyses 

The mean LAA reference values for roach 

originally provided by Hickley and Dexter (1979) 

were updated after fitting a global VBGF to the entire 

collection of available mean LAA data points in the 

present review. The VBGF was fitted as (Ricker 

1975): 

 

FL = FL∞ (1 – e(−K (age – t0))) 

 

where FL∞ is the asymptotic FL, K the Brody 

growth coefficient (years−1), and t0 the age of the fish 

at 0 mm FL. Fitting the VBGF was in R x64 v3.0.3 

(R Core Team 2014) using package ‘FSA’  

(Ogle 2014) with 1000 bootstrap confidence interval 

estimates of the parameters. 

Statistical comparison between Hickley and 

Dexter’s (1979) reference values (up to age class 

15+) and those obtained upon fitting the global 

VBGF was by permutational univariate analysis of 

variance (PERANOVA). This employed a Euclidean 

dissimilarity measure on the normalised data and 

9999 permutations (raw data), with tests of 

significance at α = 0.05 (PERMANOVA+ v1.0.1 for 

PRIMER v6: Anderson et al. 2008). Briefly, the 

advantage of PERANOVA over traditional 

parametric ANOVA is that the stringent assumptions 

of normality and homoscedasticity, which prove very 

often unrealistic when dealing with real-world 

ecological datasets (and especially so in case of small 

sample sizes), are consistently relaxed  

(Anderson 2001; Anderson and Robinson 2001). 

Because GI values were also computed for the 75 

R. rutilus populations reviewed in Zivkov and 

Raikova-Petrova (2001) and therein categorised as 

‘low’, ‘average’ and ‘high’ growth, a comparison 

was made to assess the consistency of the findings 

between that study and the present one. Comparison 

was by PERANOVA (as above) followed by 

computation of quartiles under Excel® 2013  

(min, 25th, 50th, 75th and max). Also, because of 

overlap between the upper and lower quartiles for the 

‘low’ and ‘average’ growth categories, receiver 

operating characteristic (ROC) curve analysis was 

performed to identify the best GI value threshold to 

distinguish between Zivkov and Raikova-Petrova’s 

(2001) low/average/high categories and, ultimately, 

re-define Hickley and Dexter’s (1979) 

slow/average/fast categories. This was achieved 

using a combination of Youden’s J statistic and the 

point closest to the top-left part of the plot with 

perfect sensitivity or specificity, and using the mean 

area under the ROC curve (AUC) as a measure of the 

accuracy of the calibration analysis (Bewick et al. 

2004). The threshold value between ‘average’ and 

‘high’ growth categories was similarly identified. 

Analyses were carried out in R with package ‘pROC’ 

(Robin et al. 2011) using 2000 bootstrap replicates 

for the confidence intervals. Notably, no additional 

comparison with the quantitative growth categories 

identified in Kas’yanov et al. (1995) was conducted 

because of the comparatively larges sample of 

populations reviewed in Zivkov and Raikova-Petrova 

(2001) also coming from a wider range of 

distribution. 

 

Results 
Data were obtained for 299 roach populations 

from 209 Eurasian water bodies (Figure 1; Appendix 

Table S1). In total, there were 2211 mean LAA data 

points (i.e. FL values) in 18 age classes (Appendix 

Table S1). The mean LAA reference values  

(ages 1 to 15) for roach estimated from the global 

VBGF fitted to the entire collection of mean LAA 

data points did not differ significantly from those 

originally provided by Hickley and Dexter (1979) 

(F# = 1,28 = 0.076, P# = 0.787: # = permutational; 

Table 1). Regardless, because of the much larger 

sample size the estimated mean LAA reference 
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values from the present study were used for all 

subsequent GI-based computations. 

Mean GI values differed significantly amongst 

the three semi-quantitative growth categories 

identified by Zivkov and Raikova-Petrova (2001) 

(F#
2,72 = 130.77, P# < 0.001). Also, quartile analysis 

indicated an overlap between ‘low’ and ‘average’ 

growth populations at 100–125% GI, but complete 

separation for ‘high’ growth populations (Table 2). 

Based on ROC curve analysis, a threshold value of 

114% GI was identified to distinguish between 

‘slow’ from ‘average’ growth populations (mean 

AUC = 0.9525, 0.9081–0.9969 95% CI), and a 

threshold value of 155% GI between ‘average’ and 

‘fast’ growth populations (mean AUC = 1). 

By plotting GI values vs. latitude, ‘fast’ growth 

populations were found up to ≈55ºN and ‘average’ 

growth up to ≈59ºN (Figure 2). Conversely, ‘slow’ 

growth populations spanned the entire latitudinal 

range of the species distribution and were the only 

ones present above ≈59ºN. Conversely, below ≈37ºN 

all types of growth were encountered. Also, at similar 

low latitudes R. rutilus in Seyhan Reservoir (Turkey) 

and from the South Caspian Sea showed ‘fast’ 

growth, similar to R. r. caspicus from Gomishan and 

Anzali wetlands (Iran). 

 

Discussion 

The validity of the GI as a robust descriptor of 

growth rate in R. rutilus was evidenced by the overall 

concordance with the growth categorisation (i.e. 

‘low’, ‘average’ and ‘high’) proposed by Zivkov and 

Raikova-Petrova (2001). This indicates that the GI 

can be used reliably as a comparative measure of 

growth for the species, even though conditional upon 

calibration. In the present study, this was achieved by 

ROC analysis using the above three a priori 

categories. These were originally based on a growth 

measure named ‘average absolute (real)’ growth rate 

(at age 4, in that study), which has been 

recommended as one of the most reliable indices for 

growth comparisons in fish (Živkov et al. 1999). 

However, it is noteworthy that, following calibration, 

the threshold values of 114% GI and 155% GI to 

distinguish between ‘slow’, ‘average’ and ‘fast’ 

growing populations proved to be consistently higher 

compared to Hickley and Dexter’s (1979) reference 

values above and below 100%.
 

Table 1. Mean length-at-age (LAA) reference values for Rutilus rutilus used for computation of the Growth Index (GI). 

Age 
Present data 

Original 
Mean LCI UCI 

1 62.5 60.5 63.8 50.0 

2 97.6 89.7 105.9 91.9 

3 127.5 115.1 141.0 127.0 

4 153.0 137.2 170.3 156.4 

5 174.7 156.4 194.8 181.1 

6 193.3 173.0 215.3 201.7 

7 209.0 187.5 232.3 219.0 

8 222.5 200.2 246.6 233.5 

9 233.9 211.1 258.5 245.6 

10 243.7 220.7 268.5 255.7 

11 252.0 228.9 276.8 264.3 

12 259.1 236.1 283.8 271.4 

13 265.1 242.4 289.6 277.4 

14 270.3 247.9 294.4 282.4 

15 274.7 252.6 298.5 286.6 

16 278.4 256.7 301.9 – 

17 281.6 260.3 304.7 – 

18 284.3 263.4 307.0 – 

LCI and UCI: lower and upper confidence intervals, respectively. LAA reference values estimated from a global VBGF fitted to the 

LAA data for 299 Eurasian roach populations (Appendix Table S1). The values originally provided in Hickley and Dexter (1979) are 

also given. 
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Table 2. Summary statistics for the GI in R. rutilus based on the semi-quantitative growth categories for roach identified 

by Zivkov and Raikova-Petrova (2001). 

Category n Mean SE 
Quartile 

0 25 50 75 100 

Low 39 96.73 1.97 73.7 88.4 95.0 103.3 125.1 

Average 27 127.72 2.57 100.2 121.2 129.1 136.4 151.1 

High 9 180.96 8.32 158.5 162.8 177.7 183.3 229.1 
SE = standard errors. In bold, overlapping quartiles for ‘low’ and ‘average’ categories. 

 

 

Figure 1. Water bodies for which length-at-age (LAA) data for roach Rutilus rutilus were reviewed. See also Appendix 

Table S1.  

 

 

Figure 2. Growth Index (GI) values for 283 R. rutilus populations plotted against latitude and categorised according to 

‘slow’ (white dots), ‘average’ (gray dots) and ‘fast’ (black dots). Key populations at the southern limits of the species’ 

latitudinal range of distribution are highlighted. See also Appendix Table S1. 
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The lack of significant differences between 

Hickley and Dexter’s (1979) original (UK-based) 

mean LAA reference values and those estimated 

globally in the present study indicates that the former 

did already provide for a representative sample size. 

However, it is recommended that the updated 

reference values provided here be used in future 

studies. This is because of the much larger number of 

populations reviewed and the inclusion of three 

additional age classes (i.e. 16+ to 18+) that have 

allowed for higher accuracy, objectivity and ease of 

applicability of the estimated values. Also, by 

defining a percentage-based interval to quantify the 

‘average’ growth rate of a species (i.e. 114–155% GI 

for R. rutilus, based on the current findings) the 

problem of arbitrarily determining by how many 

percentage points a fish population/stock should be 

categorised as either ‘slow’ or ‘fast’ growing is 

overcome. 

By combining the GI-based growth 

categorisation with information on latitude, a distinct 

picture of global growth patterns in R. rutilus 

emerged (Figure 2). Accordingly, slow growth rates 

were identified across the entire latitudinal range of 

distribution, pointing to the influence not only of 

latitude (hence, temperature) but also of water  

body-specific a/biotic factors upon the species’ 

‘genetically programmed’ growth capacity template. 

This was evidenced by the slow growth rates 

observed for several populations at the lower 

latitudes of the species’ distributional range. These 

populations appeared as ‘outliers’ where a plateau in 

the cline occurred and reflected a decrease in growth 

capacity as suggested by Lappalainen et al. (2008). 

This was the case for Caspian roach in Anzali and 

Gomishan wetlands (Iran), the former water body 

being characterised by a temperate climate type but 

high levels of pollution, and the latter by an arid 

climate leading to more extreme summer 

temperatures in conjunction with local high salinity 

conditions (Naddafi et al. 2005). In Anatolia, the 

translocated population from Porsuk Reservoir had 

similar growth rate to that from Lake Sapanca, which 

is characterised by low productivity levels  

(Tarkan 2006); but the similarly translocated 

population from Seyhan Reservoir was characterised 

by considerably faster growth, suggesting again the 

influence of water body-related factors. Finally, the 

population of Caspian roach from the South Caspian 

Sea (Sedaghat and Hoseini 2012) and the Anatolian 

populations from Seyhan Reservoir (Ergüden et al. 

2008) and Porsuk Reservoir deserve attention. In the 

former case, the observed fast growth rates as 

opposed to the populations from Anzali and 

Gomishan wetlands would rule out taxon-specific 

differences (i.e. R. rutilus vs. R. r. caspicus) in 

growth rate. In the latter case, translocated roach in 

Seyhan Reservoir may have benefited from locally 

available resources leading to successful 

establishment and growth, contrary to Porsuk 

Reservoir. 

In conclusion, given the relatively widespread 

usage of the GI in the literature, species-specific 

calibrations leading to improved definition of 

corresponding growth bands (similar to what 

achieved in the present study) are recommended. 

This would apply not only to the other three species 

originally evaluated by Hickley and Dexter (1979), 

i.e. common bream Abramis brama, European chub 

Leuciscus cephalus and common dace  

Leuciscus leuciscus, but also to other cosmopolitan 

species such as the common carp Cyprinus carpio, 

which has been receiving increasing attention by 

scientists, environmental managers and stakeholders 

alike due to its economic value but also ecological 

threats (e.g. Vilizzi 2012; Vilizzi and Tarkan 2015; 

Vilizzi et al. 2015a). 
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