
 

31 
 

 

Araştırma Makalesi 

Bayat Göleti (Ankara, Türkiye)’nde Yaşayan İsrail Sazanı (Carassius 

gibelio, Bloch 1782) Üzerine Morfometrik Bir Değerlendirme: Boy-Ağırlık 

İlişkisi, Kondisyon Faktörü ve Boy-Boy Dönüşümleria

 

Ramazan YAZICI  1*, Neslihan KARAKAMIŞ 2, Ramazan ESER 3, 

Ömer SAYLAR 4 

1 Kırşehir Ahi Evran University, Çiçekdağı Vocational School, Veterinary Department, 40700, Çiçekdağı 

Kırşehir, Türkiye. 

2 Kırşehir Ahi Evran University, Institute of Science, Biology Department, 40100, Cacabey Campus, Kırşehir 

3 Kırşehir Ahi Evran University, Institute of Science, Biology Department, 40100, Cacabey Campus, Kırşehir 

4 Osmaniye Korkut Ata University, Kadirli Faculty of Applied Sciences, Food Technology Department, 80750, 

Kadirli, Osmaniye 

* Sorumlu yazar (Corresponding author): rmznyzci@gmail.com 

Makale alınış (Received): 12.06.2025 / Kabul (Accepted): 16.06.2025 /Yayınlanma (Published): 30.06.2025 

 

ÖZ 

 

Bu çalışma, Ankara ilinde yer alan lentik bir iç su kütlesi olan Bayat Göleti’nde yaşayan istilacı sazan 

türü Carassius gibelio (Bloch 1782)’nun biyometrik özelliklerini araştırmayı amaçlamaktadır. 2017 yılı 

ilkbahar döneminde toplam 45 birey örneklenmiş ve boy–ağırlık ilişkisi (LWR), kondisyon faktörü (K) 

ve boy–boy dönüşüm ilişkileri (LLRs) analiz edilmiştir. Elde edilen LWR denklemi W = 0.011·TL³.²¹⁴ 

(R² = 0.973) olup, b katsayısı 3’ten istatistiksel olarak anlamlı düzeyde farklı bulunmuştur (p < 0.05), 

bu da pozitif allometrik büyümeyi işaret etmektedir. b değeri için %95 güven aralığı 3.051–3.377 olarak 

hesaplanmıştır. Ortalama kondisyon faktörü 2.27 (±0.26) olup bireylerin genel fizyolojik durumunun 

iyi olduğunu göstermektedir. Bayat Göleti verileri, Türkiye ve çevresindeki 30’dan fazla tatlı su 

habitatında yapılmış önceki çalışmalarla karşılaştırıldığında, b ve K değerlerinin geniş bir aralıkta 

değiştiği ve türün çevresel koşullara karşı yüksek fenotipik plastisite gösterdiği ortaya konmuştur. 
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Ayrıca, total, fork ve standard uzunluk ölçümleri arasında güçlü doğrusal ilişkiler (R² > 0.96) 

bulunmuştur. Elde edilen bu bulgular, iç sularda C. gibelio popülasyonlarının izlenmesi ve istilacı 

türlerin ekosistem yönetimi açısından önemli bir temel veri sağlamaktadır. 

Anahtar Kelimeler: İsrail sazanı, biyometrik analiz, morfometri, büyüme tipi, tatlısu ekosistemi. 

© Kırşehir Ahi Evran Üniversitesi, Ziraat Fakültesi 

Research Article 

Morphometric Assessment of Prussian Carp (Carassius gibelio, Bloch, 1782) 

inhabiting Bayat Pond (Ankara, Türkiye): Length-Weight Relationship, 

Condition Factor, and Length–Length Conversions 

 

ABSTRACT 

This study aims to investigate the biometric characteristics of the invasive cyprinid Carassius gibelio 

(Prussian carp) inhabiting Bayat Pond, a lentic freshwater body located in Ankara Province, Turkey. A 

total of 45 individuals were sampled during the spring of 2017 and analyzed for length–weight 

relationships (LWR), condition factor (K), and length–length relationships (LLRs). The LWR equation 

was calculated as W = 0.011·TL³.²¹⁴ (R² = 0.973), with the exponent b significantly differing from 3 (p 

< 0.05), indicating positive allometric growth. The 95 % confidence interval for the growth exponent 

lay between 3.051 and 3.377. An average condition factor of 2.27 ± 0.26 points to a population in 

generally sound health. When set against more than thirty published data sets from both still- and 

running-water habitats, the Bayat Pond b and K values fall comfortably within the broad spectrum 

reported for the species—evidence of its pronounced phenotypic flexibility and capacity to adjust to 

local conditions. Strong linear fits among total, fork and standard lengths (all R² > 0.96) further enable 

robust conversion between length metrics. Taken together, these results supply a valuable baseline for 

tracking the ecology of C. gibelio in Turkish inland waters and support informed management of this 

invasive cyprinid. 

Keywords: Prussian carp, biometric analysis, morphometry, growth pattern, freshwater ecosystem. 
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INTRODUCTION 

Understanding how fish allocate energy to growth and body condition has long been a mainstay 

of fisheries science. Three biometric tools lie at the heart of that effort: length-weight 

relationships (LWR), Fulton’s condition factor (CF), and length-length conversions (LLRs). 

Each metric answers a slightly different question. LWRs, noted by Froese (2006), Le Cren 

(1951), and Lizama & Ambrosio (2002), trace how mass scales with size and, by way of the 

exponent b, reveal whether growth is isometric or allometric in nature (Bagenal & Tesch 1978). 

Condition factor, first proposed by Fulton and later refined by Bolger & Connolly (1989), 

reflects how “well-fed” or stressed fish are under prevailing habitat conditions; when tracked 

over seasons, CF can even double as a rough index of ecosystem productivity (Blackwell et al. 

2000). Finally, LLRs stitch together datasets that rely on different length measures, allowing 
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researchers to compare apples to apples across studies (Anderson & Neumann 1996). In 

aquaculture settings, the same trio of metrics guides broodstock selection, stocking density, and 

harvest scheduling (King 2007). 

Such analyses become especially pertinent in reservoirs, which (owing to hydrological 

alteration, habitat patchiness, and chronic human pressure) often behave quite differently from 

natural lakes. These man-made systems can also serve as way-stations for invaders. One 

frequently cited example is Carassius gibelio (Prussian carp), an East-Asian cyprinid that now 

spans Eurasia (Kottelat & Freyhof 2007; Gozlan et al. 2010). Its success hinges on a remarkable 

ecological toolkit: tolerance of low oxygen, high fecundity (including gynogenetic 

reproduction), and a growth strategy resilient to fluctuating conditions (Tarkan et al. 2012; 

Ribeiro et al. 2008). In waters lacking effective predators or competitors, C. gibelio often 

ascends the trophic ladder, reshaping community structure and depressing native biodiversity 

(Gozlan et al. 2010; Copp et al. 2005). 

Given these concerns, regular biometric monitoring is more than an academic exercise; it is a 

management necessity. By establishing robust LWRs, CF baselines, and LLR equations for 

reservoir populations, managers gain a first-look diagnostic of invader performance and a 

yardstick for future interventions. With that aim in mind, the present study investigates length–

weight dynamics, condition factor, and length conversions for C. gibelio in Bayat Pond, with 

an eye toward informing fisheries practice, optimizing aquaculture decisions, and sharpening 

invasive-species control in lentic freshwater systems. 

MATERIAL AND METHODS 

This investigation focused on Carassius gibelio collected from Bayat Pond, a lentic freshwater 

body situated in Ankara Province, Türkiye. The pond is a key local asset that supports both 

irrigation and small-scale, artisanal fisheries (Yazıcı & Saylar 2022). Field sampling was 

conducted in spring 2017. With help from local fishers, 45 specimens were captured using 

traditional gill-nets. 

After capture, the fish were transferred to the laboratory for morphometric analysis. Total length 

(TL), fork length (FL) and standard length (SL) were measured to the nearest 0.01 cm. Body 

mass (W) was determined to the nearest 0.1 g on a precision electronic balance. 

To assess the length–weight relationship (LWR), the data were fitted to the conventional 

allometric equation described by Bagenal and Tesch (1978) and later refined by Froese (2006): 

W=a×Lb  

In this equation, W refers to the body weight of the fish in grams, while L denotes its total length 

in centimeters. The parameter a represents the intercept of the regression model, and b 

corresponds to the slope, which characterizes the nature of the growth—indicating whether it 

follows an isometric pattern (b ≈ 3) or deviates toward allometric growth (b ≠ 3). 

For parameter estimation, the power-function model was log-transformed, converting the 

nonlinear equation to a linear form and allowing coefficients a and b to be obtained through 

ordinary least-squares regression. Afterward, a Student’s t-test, applied as described by Zar 

(1999), was used to judge whether the resulting growth exponent matched the isometric 

reference value (b = 3) or instead reflected allometric growth (b ≠ 3). 
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The physiological status of each fish was assessed with Fulton’s condition factor, K, calculated 

as K = (W / L³) × 100, where W is body mass (g) and L is total length (cm) (Ricker 1975). This 

metric provides a straightforward gauge of nutritional condition across different environmental 

settings. 

In addition, separate linear regressions were fitted for each pair of length measurements (total 

length (TL), fork length (FL) and standard length (SL))to enable direct comparison with 

regional and international datasets (Zar 1999). All analyses were executed in the RStudio 

environment. 

RESULTS AND DISCUSSION 

The descriptive statistics for the Carassius gibelio individuals sampled from Bayat Pond was 

given Table 1.The specimens had an average total length (TL) of 29.6 cm, fork length (FL) of 

27.3 cm, and standard length (SL) of 24.3 cm. Their body weights ranged from 160 g to 580 g, 

with a calculated mean of 325.7 g. 

Table 1. Descriptive statistics of length and weight of C. gibelio from Bayat Pond 

 N Mean Min Max SE SD 

Weight (g) 45 325.7 160.0 580.0 14.56 97.8 

Total Length (TL, cm) 45 29.6 18.5 40.0 0.87 5.81 

Fork Length (FL, cm) 45 27.3 17.0 36.0 0.81 5.42 

Standard Length (SL, cm) 45 24.6 15.0 34.0 0.75 5.05 

 

The relationship between total length and body weight in Carassius gibelio from Bayat Pond 

was described by the equation W = 0.011 × TL³.²¹⁴. The model showed a strong correlation, 

with a coefficient of determination (R²) of 0.973. The growth exponent b was calculated as 

3.214, which was found to differ significantly from the isometric value of 3 based on the results 

of a Student’s t-test (P < 0.05). This deviation indicates that the population demonstrates 

positive allometric growth. The 95% confidence interval for the b coefficient ranged from 3.051 

to 3.377. 

 

Figure 1. The length-weight relationship of C. gibelio. 
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Table 2. LWR: Summary of Previous Studies on C. gibelio in the Literature. 

Reference Habitat a b r² 

Tarkan et al. 2006 İznik Lake 0.0084 3.25 0.989 

Tarkan et al. 2006 Ömerli Dam 0.0099 3.18 0.991 

Bostancı et al. 2007b Bafra Balık Lake 0.0265 2.978 0.97 

Bostancı et al. 2007a Eğirdir Lake 0.0151 3.177 0.98 

Sarı et al. 2008 Buldan Dam 0.031 2.87 0.985 

İnnal 2012 Aksu River-Estuary 0.0138 3.114 0.976 

Emiroğlu et al. 2012 Uluabat Lake 0.0349 3.0039 0.99 

Bulut et al. 2013 Seyitler Reservoir 0.0274 2.9382 0.813 

Yazıcıoğlu et al. 2013 Ladik Lake 0.0168 3.149 0.988 

Ergüden 2015 Seyhan River 0.0673 2.571 0.927 

İlhan and Sarı 2015 Marmara Lake 0.0173 2.974 0.976 

Saç and Okgerman 2015 Büyükçekmece Lake 0.015 3.134 0.996 

Stavrescu-Bedivan et al. 2015 Cişmigiu Lake 0.0055 3.6303 0.913 

Sungur Birecikligil et al. 2016 Kızılırmak Basin 0.023 2.856 0.85 

Hajiradkouchak et al. 2016 Golestan Lake 0.021 2.92 0.99 

Hajiradkouchak et al. 2016 Voshmgir Lake 0.027 2.79 0.98 

Fazli et al. 2018 Azad Lake 3e-06 3.3537 0.99 

İnnal et al. 2019 Onaç Stream 0.0097 3.187 0.99 

Reis et al. 2019 Sakarya River 0.0264 2.87 0.97 

İlhan et al. 2020 Marmara Lake 0.018 2.965 0.986 

Ağdamar and Gaygusuz 2021 Gökçeada Reservoir 0.023 3.129 0.93 

Dereli et al. 2021 Demirköprü Reservoir 0.01 3.12 0.97 

Baki et al. 2022 Bafra Balık Lake 0.0145 3.0347 0.96 

Apaydın Yağcı et al. 2022 Eğirdir Lake 0.0108 3.1711 0.9793 

Çiçek et al. 2022 Aras Basin 0.009 3.259 0.998 

Çiçek et al. 2022 Asi Basin 0.014 3.07 0.863 

Çiçek et al. 2022 Batı Akdeniz Basin 0.016 3.034 0.99 

Çiçek et al. 2022 Çoruh Basin 0.023 2.83 0.978 

Çiçek et al. 2022 Doğu Akdeniz Basin 0.011 3.156 0.998 

Çiçek et al. 2022 Fırat Basin 0.007 3.319 0.998 

Çiçek et al. 2022 Konya Basin 0.017 2.982 0.981 

Çiçek et al. 2022 Seyhan Basin 0.009 3.171 0.949 

Şimşek and Kale 2022 Asi River 0.0138 3.08 0.9606 

Yalçın Özdilek and Partal 2022 Karamenderes Stream 0.0079 3.255 0.9898 

This Study Bayat Pond 0.011 3.214 0.973 

The growth exponent (b) recorded for Carassius gibelio shows striking variation from one 

water body to another (Table 2). Reported figures range from just 2.571 in the Seyhan River 

(Ergüden 2015) to 3.6303 in Romania’s Cișmigiu Lake (Stavrescu-Bedivan et al. 2015), a span 

that highlights the carp’s marked phenotypic flexibility. 

Many field surveys describe negative allometric growth (b < 3), where fish increase in length 

more quickly than in weight and develop a comparatively slender profile. Examples include the 

Seyhan River population (b = 2.571; Ergüden 2015) and Buldan Dam (b = 2.87; Sarı et al. 

2008). Similar values have been noted in the Sakarya River (b = 2.87; Reis et al. 2019) and the 

Seyitler Reservoir (b = 2.9382; Bulut et al. 2013). Further evidence comes from the Kızılırmak 

Basin (b = 2.856; Sungur Birecikligil et al. 2016) and the Çoruh Basin, where Çiçek et al. (2022) 

logged a value of 2.83. 
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Conversely, several studies document positive allometry (b > 3), indicating that mass accrues 

more rapidly than length, yielding a deeper-bodied fish. Yazıcıoğlu et al. (2013) reported a b of 

3.149 in Ladik Lake, whereas Fazli et al. (2018) recorded 3.3537 in Azad Lake. Comparable 

exponents have been published for Büyükçekmece Lake (b = 3.134; Saç and Okgerman 2015) 

and the Gökçeada Reservoir (b = 3.129; Ağdamar and Gaygusuz 2021). Additional examples 

include Onaç Stream (b = 3.187; İnnal et al. 2019) and several basins surveyed by Çiçek et al. 

(2022): Karamenderes (b = 3.255), Aras (b = 3.259), Eastern Mediterranean (b = 3.156), and 

Euphrates (b = 3.319). The most extreme value published to date—3.6303 in Cișmigiu Lake 

(Stavrescu-Bedivan et al. 2015)—illustrates how rapidly weight can accumulate when 

conditions are especially favourable. 

On the other hand, certain populations of Carassius gibelio exhibit isometric growth patterns, 

where the increase in body weight corresponds proportionally with an increase in body length 

(i.e., b ≈ 3). For example, Emiroğlu et al. (2012) reported a b value of 3.0039 in Uluabat Lake, 

indicating isometric growth. Similarly, Şimşek and Kale (2022) observed a comparable value 

(b = 3.08) in the Asi River. Additional findings consistent with isometric growth were recorded 

by Çiçek et al. (2022) in several freshwater systems including the Asi Basin (b = 3.070), Batı 

Akdeniz Basin (b = 3.034), and Konya Basin (b = 2.982). A comparable pattern was also 

identified in the Seyhan Basin, where the reported b value was 3.171 (Çiçek et al. 2022). 

A exponent (b) of 3.214 was obtained for the Bayat Pond population, pointing to a positively 

allometric growth pattern. Such a result implies that these fish thrive under favourable 

conditions (ample nutrition, limited competition, and well-structured habitat) that encourage 

proportionally greater weight gain relative to length. The growth trend recorded at Bayat Pond 

mirrors patterns reported for other still-water populations that also display positive allometry. 

Taken together, the broad spectrum of b values documented in different settings highlights the 

remarkable ecological elasticity of C. gibelio. This flexibility enables the species to adjust to a 

wide array of environmental circumstances an attribute that likely underpins its invasive success 

in many freshwater systems. 

The average condition factor (K) for Carassius gibelio in Bayat Pond was 2.27 ± 0.26, a figure 

that points to good overall health and a well-filled body profile in the sampled fish. 

Table 3. Summary of Condition Factor (K) Values for C. gibelio in the Literature 

Reference Habitat Condition Factor (K) 

Balık et al. 2004 Eğirdir Lake 2.498 

Bostancı et al. 2007b Bafra Balık Lake 2.494 

Bostancı et al. 2007a Eğirdir Lake 2.525 

İnnal 2012 Aksu River 1.96 

Bulut et al. 2013 Seyitler Reservoir 2.276 

Yazıcıoğlu et al. 2013 Ladik Lake 2.676 

Saç and Okgerman 2015 Büyükçekmece Lake 2.26 

Stavrescu-Bedivan et al. 2015 Cişmigiu Lake 1.62 

Sungur Birecikligil et al. 2016 Kızılırmak Basin 1.46 

Fazli et al. 2018 Azad Dam 1.68 

Ağdamar and Gaygusuz 2021 Gökçeada Reservoir 3.13 

Baki et al. 2022 Bafra Balık Lake 1.65 

Şimşek and Kale 2022 Asi River 1.759 

Yalçın Özdilek and Partal 2022 Karamenderes Stream 1.55 

This Study Bayat Pond 2.27 
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The average condition factor (K) for C. gibelio in Bayat Pond was 2.27, a value that closely 

mirrors those reported from other Turkish reservoirs and lakes. Ladik Lake (2.676; Yazıcıoğlu 

et al. 2013), Seyitler Reservoir (2.276; Bulut et al. 2013), Büyükçekmece Lake (2.26; Saç and 

Okgerman 2015), Eğirdir Lake (2.498; Balık et al. 2004) and Bafra Balık Lake (2.494; Bostancı 

et al. 2007) all fall within the same general range, suggesting the Bayat population is in sound 

physiological condition. 

Condition factor, however, can swing widely in response to habitat quality. At the lower end of 

the spectrum, Sungur Birecikligil et al. (2016) reported a K of 1.46 in the Kızılırmak Basin, 

whereas Ağdamar and Gaygusuz (2021) observed a high of 3.13 in the Gökçeada Reservoir. 

Such divergence underscores the carp’s capacity to adjust to shifting food supply, habitat 

complexity, and contamination levels, as well as to intrinsic cycles such as reproduction. 

In practice, then, K serves both as a quick check on individual health and as a broader gauge of 

habitat quality. The mid-range value recorded for Bayat Pond points to relatively favourable 

environmental conditions and a degree of ecological stability, factors that likely underpin the 

carp’s ongoing success in this reservoir. 

Length–length relationships (TL–SL, TL–FL, and FL–SL) were quantified via linear 

regression, and the resulting equations together with their coefficients of determination are 

presented in Table 4. 

Table 4. Length transformations of C. gibelio population in Bayat Pond. 

Equation a b r² 

TL = a + b·FL 0.955 1.052 0.962 

TL = a + b·SL 1.495 1.143 0.989 

FL = a + b·SL 1.308 1.055 0.967 

The tightest association emerged between total length and standard length (R² = 0.989; Fig. 2), 

whereas the total-length versus fork-length pairing yielded the weakest fit (R² = 0.962; Fig. 3). 

Even so, fork length and standard length were still closely linked (R² = 0.967; Fig. 4), 

underscoring that all three length metrics remain highly consistent with one another. 

 

Figure 2. Linear relationship between total length (TL) and standard length (SL) in Carassius 

gibelio from Bayat Pond. 
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Figure 3. Linear relationship between total length (TL) and fork length (FL) in Carassius 

gibelio from Bayat Pond. 

 

Figure 4. Linear relationship between fork length (FL) and standard length (SL) in Carassius 

gibelio from Bayat Pond. 

Length-length relationships (LLRs) underpin comparative growth research, stock assessments, 

and the conversion of one length metric to another in fisheries science (Froese 2006). In our 

data set, every pairing of length measurements for Carassius gibelio from Bayat Pond produced 

a strong linear fit (all r² > 0.96). The tightest association occurred between total length (TL) and 

standard length (SL) (r² = 0.989), echoing the high correlations previously documented for 

Turkish populations in Bafra Fish Lake and Eğirdir Lake (Bostancı et al. 2007a, b). Such 

consistently high coefficients point to uniform body proportions across habitats. By contrast, 

the TL–fork-length (FL) regression was marginally weaker (r² = 0.962), a result that may reflect 

the greater variability typically seen in the forked-tail region—a pattern also noted for 

Büyükçekmece Lake fish by Saç and Okgerman (2015). Collectively, these robust correlations 

signal morphometric stability within the species and yield dependable conversion equations, 

tools that are indispensable for ecological comparisons and effective fisheries management. 
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CONCLUSION 

The present analysis confirms that Carassius gibelio in Bayat Pond grows according to a 

positively allometric pattern. Nonetheless, the species is known to display a broad spectrum of 

growth modes (negative allometry, positive allometry, or near-isometry) depending on habitat 

characteristics and seasonal shifts. Such phenotypic plasticity highlights the carp’s capacity to 

adjust rapidly to contrasting ecological settings and to exploit local resources with notable 

efficiency. 

Mean condition-factor (K) scores act as sensitive barometers of a fish’s physiological state in 

relation to environmental quality and life-history demands. C. gibelio can survive in degraded 

waters yet markedly improves its condition under favourable circumstances. For that reason, 

systematic monitoring programmes should be implemented to track key biometric traits 

(especially length–weight relationships and condition factors) on a seasonal basis, thereby 

clarifying population-level responses to environmental change. 

Future investigations should also focus on the mechanisms that underlie the species’ growth 

plasticity and environmental adaptability. A deeper understanding of these processes will 

sharpen population-dynamics models and improve our capacity to gauge invasion risk, 

ultimately supporting more effective management of this invasive cyprinid in freshwater 

ecosystems. 
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