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Abstract: This study investigates the influence of internal factors on growth dynamics in four 

Cyprinus carpio varieties: three Romanian strains (Frăsinet, Ineu, and Podu Iloaiei) and the 

ornamental Koi variety. The research aims to elucidate variety-specific growth patterns and their 

implications for aquaculture and ecological management. Fish were measured for total length, 

maximum height, and weight at four ontogenic stages: 7 days post-hatch, summer fingerlings (0⁺), 

one year and summer old (1⁺), and two years and summer old (2⁺). Weight Gain (WG), Specific 

Growth Rate (SGR), Relative Growth Rate (RGR), Fulton’s condition factor, and profile index were 

calculated and analyzed. Results revealed significant intervariety differences in growth 

performance, body shape development, and physiological condition across life stages. The 

Romanian varieties showed superior growth performance at later stages, while Koi exhibited 

unique growth patterns. Fulton’s condition factor and profile index varied markedly among 

varieties and life stages, indicating differential energy allocation and morphological adaptations. 

These findings highlight the complex interplay between genetic factors and developmental 

processes in carp varieties, providing valuable insights for selective breeding programs, aquaculture 

practices, and ecological management strategies. The study underscores the importance of variety-

specific approaches in carp cultivation and conservation efforts. 

Keywords: Romanian carp varieties; morphological development; Fulton’s condition factor; 

ecological adaptation; ontogenic stages; genetic diversity 

 

1. Introduction 

The growth dynamics of fish have long been a subject of interest in ichthyology, aquaculture, 

and fisheries management [1]. Understanding the internal factors influencing fish growth is crucial 

for optimizing aquaculture practices, managing wild fish populations, and predicting ecosystem 

responses to environmental changes [2,3]. This study aims to elucidate the complex interplay of 

endogenous factors that regulate fish growth. 

Fish growth is a multifaceted process influenced by both external environmental factors and 

internal physiological mechanisms [4]. While external factors such as temperature, food availability, 

and water quality have been extensively studied [5], the internal regulatory processes driving growth 

variations among individuals and species remain less understood [6]. Recent advances in molecular 

biology and endocrinology have shed new light on the intricate network of internal factors governing 

fish growth [7,8]. 

The growth hormone (GH)-insulin-like growth factor-I (IGF-I) axis plays a central role in 

regulating fish growth [9]. However, the exact mechanisms by which this axis interacts with other 

endocrine systems, such as the thyroid and reproductive hormones, are still debated [10,11]. 

Moreover, the relative importance of the GH-IGF-I axis versus local tissue-specific growth factors 

remains controversial [12]. 
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Genetic factors also significantly contribute to growth variability in fish [13]. Quantitative trait 

loci (QTL) associated with growth-related traits have been identified in various species [14], but the 

functional roles of many growth-related genes and their interactions are yet to be fully elucidated 

[15]. The emerging field of epigenetics has further complicated our understanding of growth 

regulation, suggesting that environmental factors can influence gene expression patterns across 

generations [16]. 

Metabolic processes, including protein turnover, lipid metabolism, and energy allocation, are 

integral to fish growth [17]. However, the molecular mechanisms underlying metabolic efficiency 

and their relationship to growth performance are not fully understood [18]. Additionally, the impact 

of gut microbiota on fish metabolism and growth has recently gained attention, opening new avenues 

for research [19]. 

This study aims to integrate current knowledge and provide new insights into the complex 

network of internal factors influencing fish growth dynamics. Our findings may have significant 

implications for selective breeding programs, feed formulation strategies, and the development of 

novel growth-enhancing techniques in aquaculture. 

This research contributes to a more comprehensive understanding of the endogenous 

mechanisms driving fish growth, potentially leading to improved aquaculture practices and more 

accurate models for fisheries management. 

2. Materials and Methods 

Fish Samples and Rearing Conditions 

This study examined four varieties of Cyprinus carpio: Frăsinet, Ineu, Podu Iloaiei, and Koi. The 

Frăsinet variety was obtained from a private farmer who had maintained the pure race for over 10 

years. The other three varieties (Ineu, Podu Iloaiei, and Koi) were reared at the Research and 

Development Station for Aquaculture and Aquatic Ecology of “Alexandru Ioan Cuza” University in 

Iași, Romania. 

Fish were maintained in outdoor earthen ponds under natural photoperiod and temperature 

conditions. Water quality parameters (temperature, dissolved oxygen, pH, and ammonia levels) were 

monitored daily and maintained within the optimal range for carp growth. 

Sampling and Measurements 

Sampling was conducted at four ontogenic stages: 7 days post-hatch, summer fingerlings (0⁺), 

one year and summer old (1⁺), and two years and summer old (2⁺). At each stage, 30 individuals per 

variety were randomly selected for measurements (n = 120 per stage, total N = 480). 

The following morphometric parameters were measured for each fish: 

Total length (TL): measured from the tip of the snout to the end of the caudal fin using an 

ichthyometer. 

Maximum height (MH): measured at the deepest part of the body using an ichthyometer. 

Weight (W): determined using an electronic balance (precision: 0.01 g). 

All measurements were performed by trained personnel to ensure consistency and minimize 

handling stress. 

Growth Performance Indices 

The following indices were calculated to assess growth performance: 

Weight Gain (WG) = Final Weight - Initial Weight 

Specific Growth Rate (SGR) = [(ln Final Weight - ln Initial Weight) / time (days)] × 100 

Relative Growth Rate (RGR) = [(Final Weight - Initial Weight) / Initial Weight] × 100 

Fulton’s Condition Factor (K) = (Weight / Total Length³) × 100 

Profile Index = Maximum Height / Total Length. 
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3. Results 

3.1. Growth Performance 

The growth performance of four Cyprinus carpio varieties (Frăsinet, Ineu, Podu Iloaiei, and Koi) 

was evaluated at three different age stages: summer fingerlings (0⁺), one year and summer old (1⁺), 

and two years and summer old (2⁺). The parameters assessed included Weight Gain (WG), Specific 

Growth Rate (SGR), and Relative Growth Rate (RGR). 

3.1.1. Weight Gain (WG) 

At the 0⁺ stage, Frăsinet and Podu Iloaiei varieties showed significantly higher WG (37.55 ± 0.15 

g and 37.37 ± 0.14 g, respectively) compared to Koi (36.75 ± 0.08 g) and Ineu (36.27 ± 0.11 g) varieties 

(p < 0.05) (Table 1). 

Table 1. Wheight Gain of Cyprinus carpio varieties in different ontogenic stages. 

Cyprinus carpio variety WG0⁺ WG1⁺ WG2⁺ 

Frasinet 37.55±0.15a 471.13±1.78c 834.45±5.28a 

Ineu 36.27±0.11c 560.79±2b 846.25±5.17a 

Podul Iloaiei 37.37±0.14a 583.65±1.68a 849.73±4.09a 

Ornamental 36.75±0.08b 77.73±2.1d 403.99±14.21b 

Anova 0 0 0 

For the 1⁺ stage, Podu Iloaiei exhibited the highest WG (583.65 ± 1.68 g), followed by Ineu (560.79 

± 2.00 g), Frăsinet (471.13 ± 1.78 g), and Koi (77.73 ± 2.10 g). All differences were statistically significant 

(p < 0.05) (Table 1). 

At the 2⁺ stage, Podu Iloaiei, Ineu, and Frăsinet showed similar WG values (849.73 ± 4.09 g, 846.25 

± 5.17 g, and 834.45 ± 5.28 g, respectively) with no significant differences. However, Koi exhibited 

significantly lower WG (403.99 ± 14.21 g) compared to the other varieties (p < 0.05) (Table 1). 

3.1.2. Specific Growth Rate (SGR) 

For the 0⁺ stage, Podu Iloaiei, Koi, and Ineu showed higher SGR values (2.73 ± 0.04, 2.70 ± 0.09, 

and 2.57 ± 0.07 % day⁻¹, respectively) compared to Frăsinet (2.20 ± 0.05 % day⁻¹) (p < 0.05) (Table 2). 

Table 2. Specific Growth Rate of Cyprinus carpio varieties in different ontogenic stages. 

Cyprinus carpio variety SGR0⁺ SGR1⁺ SGR2⁺ 

Frasinet 2.2±0.05b 0.31±0b 0.12±0b 

Ineu 2.57±0.07a 0.33±0a 0.1±0c 

Podul Iloaiei 2.73±0.04a 0.33±0a 0.1±0c 

Ornamental 2.7±0.09a 0.13±0c 0.18±0a 

Anova 0 0 0 

At the 1⁺ stage, Podu Iloaiei and Ineu exhibited the highest SGR (0.33 ± 0.00 % day⁻¹ for both), 

followed by Frăsinet (0.31 ± 0.00 % day⁻¹) and Koi (0.13 ± 0.00 % day⁻¹). All differences were 

statistically significant (p < 0.05) (Table 2). 

For the 2⁺ stage, Koi showed the highest SGR (0.18 ± 0.00 % day⁻¹), followed by Frăsinet (0.12 ± 

0.00 % day⁻¹), while Ineu and Podu Iloaiei had the lowest values (0.10 ± 0.00 % day⁻¹ for both) (p < 

0.05) (Table 2). 

3.1.3. Relative Growth Rate (RGR) 

At the 0⁺ stage, Koi exhibited the highest RGR (508.59 ± 141.95 g day⁻¹), which was significantly 

different from Frăsinet (119.98 ± 21.13 g day⁻¹) (p < 0.05). Ineu and Podu Iloaiei showed intermediate 

values with no significant differences from the other varieties (Table 3). 
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Table 3. Relative Growth Rate of Cyprinus carpio varieties in different ontogenic stages. 

Cyprinus carpio variety RGR0⁺ RGR1⁺ RGR2⁺ 

Frasinet 119.98±21.13b 3.4±0.02b 0.45±0b 

Ineu 351.31±122.65ab 4.21±0.02a 0.39±0b 

Podul Iloaiei 322.27±33.76ab 4.26±0.02a 0.38±0b 

Ornamental 508.59±141.95a 0.58±0.02c 0.98±0.05a 

Anova 0,045 0 0 

For the 1⁺ stage, Podu Iloaiei and Ineu showed the highest RGR (4.26 ± 0.02 and 4.21 ± 0.02 g 

day⁻¹, respectively), followed by Frăsinet (3.40 ± 0.02 g day⁻¹) and Koi (0.58 ± 0.02 g day⁻¹). All 

differences were statistically significant (p < 0.05) (Table 3). 

At the 2⁺ stage, Koi exhibited the highest RGR (0.98 ± 0.05 g day⁻¹), which was significantly 

different from all other varieties (p < 0.05). Frăsinet, Ineu, and Podu Iloaiei showed lower RGR values 

(0.45 ± 0.00, 0.39 ± 0.00, and 0.38 ± 0.00 g day⁻¹, respectively) with no significant differences among 

them (Table 3). 

3.2. Profile Index 

The profile index, which is the ratio of maximum height to total length, was analyzed for the 

four Cyprinus carpio varieties (Frăsinet, Ineu, Podu Iloaiei, and Koi) at four different life stages: 7 days 

post-hatch, summer fingerlings (0⁺), one year and summer old (1⁺), and two years and summer old 

(2⁺) (Table 4). 

Table 4. Profile Index of Cyprinus carpio varieties in different ontogenic stages. 

Cyprinus carpio variety 7 days 0⁺ 1⁺ 2⁺ 

Frasinet 3.06±0.07c 2.57±0.006b 2.4±0.005b 2.43±0.005a 

Ineu 2.9±0.07c 2.44±0.009c 2.17±0.005c 2.16±0.004b 

Podul Iloaiei 4.22±0.149a 2.45±0.009c 2.18±0.008c 2.18±0.004b 

Ornamental 3.69±0.101b 2.93±0.023a 2.48±0.005a 2.17±0.005b 

Anova 0 0 0 0 

At 7 days post-hatch, significant differences were observed among all varieties (p < 0.05). Podu 

Iloaiei exhibited the highest profile index (4.22 ± 0.149), followed by Koi (3.69 ± 0.101), Frăsinet (3.06 

± 0.07), and Ineu (2.9 ± 0.07) (Table 4). 

For the 0⁺ stage, Koi showed the highest profile index (2.93 ± 0.023), which was significantly 

different from all other varieties (p < 0.05). Frăsinet had the second-highest value (2.57 ± 0.006), while 

Podu Iloaiei and Ineu showed lower, similar values (2.45 ± 0.009 and 2.44 ± 0.009, respectively) with 

no significant difference between them (Table 4). 

At the 1⁺ stage, Koi maintained the highest profile index (2.48 ± 0.005), followed by Frăsinet (2.4 

± 0.005). Podu Iloaiei and Ineu again showed lower, similar values (2.18 ± 0.008 and 2.17 ± 0.005, 

respectively). All differences were statistically significant (p < 0.05) except between Podu Iloaiei and 

Ineu (Table 4). 

For the 2⁺ stage, Frăsinet exhibited the highest profile index (2.43 ± 0.005), which was 

significantly different from all other varieties (p < 0.05). Podu Iloaiei, Koi, and Ineu showed lower 

values (2.18 ± 0.004, 2.17 ± 0.005, and 2.16 ± 0.004, respectively) with no significant differences among 

them (Table 4). 

The profile index generally decreased as the fish aged, with the highest values observed at 7 

days post-hatch and the lowest at the 2⁺ stage for most varieties. However, the rate and pa�ern of 

decrease varied among the varieties: 

Frăsinet showed a gradual decrease from 3.06 at 7 days to 2.43 at 2⁺. 

Ineu exhibited a sharp drop from 2.9 at 7 days to 2.44 at 0⁺, then stabilized around 2.16-2.17 for 

later stages. 
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Podu Iloaiei had the most dramatic change, falling from 4.22 at 7 days to 2.45 at 0⁺, then 

stabilizing around 2.18 for later stages. 

Koi showed a unique pa�ern, decreasing from 3.69 at 7 days to 2.93 at 0⁺, but then maintaining 

a higher profile index compared to other varieties at 1⁺ before converging with others at 2⁺. 

3.3. Fulton’s Condition Factor 

Fulton’s condition factor was analyzed for the four Cyprinus carpio varieties at four different life 

stages: 7 days post-hatch, summer fingerlings (0⁺), one year and summer old (1⁺), and two years and 

summer old (2⁺). 

At 7 days post-hatch (Figure 1), significant differences were observed among the varieties (p < 

0.05). Frăsinet exhibited the highest Fulton’s index (149.57 ± 17.485), followed by Ineu (79.83 ± 9.173), 

Podu Iloaiei (65.02 ± 5.108), and Koi (38.55 ± 5.417). 

 

Figure 1. Fulton’s Condition Factor of Cyprinus carpio varieties at 7 days after hach. 

For the 0⁺ stage, Frăsinet maintained the highest Fulton’s index (3.63 ± 0.018), significantly 

different from all other varieties (p < 0.05). Koi showed the second-highest value (1.85 ± 0.017), while 

Podu Iloaiei and Ineu had lower, similar values (1.66 ± 0.014 and 1.64 ± 0.012, respectively) (Figure 

2). 

0.00

20.00

40.00

60.00

80.00

100.00

120.00

140.00

160.00

180.00

Frasinet Ineu Podul Iloaiei Koi

7 Days

a

c

bc

b

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 September 2024                   doi:10.20944/preprints202409.1376.v1

https://doi.org/10.20944/preprints202409.1376.v1


 6 

 

 

Figure 2. Fulton’s Condition Factor of Cyprinus carpio varieties at 0⁺. 

At the 1⁺ stage, Podu Iloaiei exhibited the highest Fulton’s index (4 ± 0.04), followed closely by 

Ineu (3.87 ± 0.024) and Frăsinet (3.18 ± 0.014). Koi showed a significantly lower value (0.63 ± 0.011) 

compared to other varieties (p < 0.05) (Figure 3). 

 

Figure 3. Fulton’s Condition Factor of Cyprinus carpio varieties at 1⁺. 

For the 2⁺ stage, Podu Iloaiei and Ineu showed the highest Fulton’s indices (4.03 ± 0.02 and 4.01 

± 0.021, respectively), with no significant difference between them. Frăsinet had a lower value (2.43 ± 

0.012), while Koi exhibited the lowest Fulton’s index (1.72 ± 0.044) (Figure 4). 
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Figure 4. Fulton’s Condition Factor of Cyprinus carpio varieties at 2⁺. 

These results highlight the significant variations in body shape development among different 

Cyprinus carpio varieties throughout their growth stages, which could have implications for their 

adaptation to different environments and their suitability for various aquaculture systems. 

4. Discussion 

The present study provides valuable insights into the growth dynamics and morphological 

development of four Cyprinus carpio varieties (Frăsinet, Ineu, Podu Iloaiei, and Koi) across different 

life stages. Our findings reveal significant variations in growth performance and body shape among 

these varieties, which have important implications for aquaculture practices and ecological 

adaptations. 

Growth Performance 

The observed differences in Weight Gain (WG), Specific Growth Rate (SGR), and Relative 

Growth Rate (RGR) among the four varieties highlight the genetic diversity within Cyprinus carpio. 

The superior growth performance of Podu Iloaiei and Ineu varieties at the 1⁺ and 2⁺ stages suggests 

their potential for improved aquaculture productivity. These findings align with previous studies 

that have reported considerable variation in growth rates among different carp strains [20,21]. 

Interestingly, the Koi variety showed a unique growth pattern, with lower WG at early stages 

but higher SGR and RGR at the 2⁺ stage. This could be a�ributed to the ornamental nature of Koi, 

which may have been selectively bred for different traits compared to other varieties [26]. The lower 

initial growth but higher later stage growth rate in Koi warrants further investigation into the genetic 

and physiological mechanisms underlying this pattern [22]. 

Profile Index and Morphological Development 

The analysis of the profile index revealed distinct patterns of body shape development among 

the four varieties. The general trend of decreasing profile index with age is consistent with the 

allometric growth patterns typically observed in fish [24,25]. However, the variety-specific 

differences in this trend provide new insights into the morphological plasticity of Cyprinus carpio. 

The dramatic change in profile index observed in the Podu Iloaiei variety, from the highest value 

at 7 days post-hatch to one of the lowest at later stages, is particularly intriguing. This rapid 

transformation could be an adaptive feature allowing for better survival in early life stages, followed 
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by a more streamlined body shape for improved swimming efficiency in adults [27]. The maintenance 

of a higher profile index in Koi at the 0⁺ and 1⁺ stages aligns with the ornamental purpose of this 

variety, where a deeper body shape might be favored for aesthetic reasons [26]. 

Fulton’s Condition Factor 

The analysis of Fulton’s condition factor revealed significant variations among the four Cyprinus 

carpio varieties across different life stages. These differences provide insights into the overall health 

and energy storage of the fish, which are crucial factors in aquaculture and ecological contexts [24,29]. 

The exceptionally high Fulton’s index observed in Frăsinet at 7 days post-hatch (149.57 ± 17.485) 

suggests a substantial energy reserve in early life stages, which could be advantageous for survival 

and initial growth [25]. However, this advantage appears to diminish in later stages, as Frăsinet’s 

Fulton’s index becomes comparatively lower at 1⁺ and 2⁺ stages. 

Conversely, Podu Iloaiei and Ineu varieties show a trend of increasing Fulton’s index with age, 

achieving the highest values at the 2⁺ stage (4.03 ± 0.02 and 4.01 ± 0.021, respectively). This pa�ern 

indicates improved condition and energy storage as these varieties mature, which could be beneficial 

for commercial aquaculture production [23,29]. 

The Koi variety demonstrates an unique pattern, with consistently lower Fulton’s index values 

across all life stages, particularly at 1⁺ (0.63 ± 0.011) and 2⁺ (1.72 ± 0.044) stages. This could be 

attributed to the ornamental nature of Koi, where breeding selection may have focused on aesthetic 

traits rather than condition factor [26]. The lower Fulton’s index in Koi suggests that this variety 

might require specialized nutritional management in aquaculture settings to maintain optimal health 

[22]. 

These findings on Fulton’s condition factor, combined with the growth performance and profile 

index results, provide a comprehensive view of the developmental patterns in these Cyprinus carpio 

varieties. The variations observed underscore the importance of considering variety-specific traits in 

aquaculture management and ecological studies [27,28]. Future research should investigate the 

genetic and environmental factors influencing these differences in condition factor, as well as their 

implications for fish health, productivity, and adaptability to different aquatic environments 

[21,23,29]. 

Implications for Aquaculture and Ecology 

The varying growth patterns and morphological development observed among these Cyprinus 

carpio varieties have significant implications for aquaculture practices. The superior growth 

performance of Podu Iloaiei and Ineu varieties at later stages suggests their potential for improved 

production efficiency in commercial aquaculture settings [23,29]. However, the unique growth 

pattern of Koi highlights the importance of considering the entire growth trajectory when selecting 

varieties for cultivation, as late-blooming varieties may still achieve desirable final sizes [27]. 

The differences in profile index development could influence the varieties’ adaptability to 

different aquaculture systems and natural habitats. Varieties with lower profile indices at adult 

stages, such as Ineu and Podu Iloaiei, may be better suited for high-density aquaculture systems or 

habitats with stronger water currents due to potentially improved swimming efficiency [25]. 

Conversely, varieties maintaining higher profile indices, like Frăsinet, might be more adapted to 

lentic environments or extensive aquaculture systems [29]. 

Future Research Directions 

To further elucidate the mechanisms underlying the observed growth and morphological 

differences, future studies should focus on: 

Genetic analysis to identify specific genes or quantitative trait loci (QTLs) associated with 

growth performance and body shape in these varieties [21,23]. 

Physiological studies to investigate metabolic differences that may explain the varying growth 

patterns, particularly in Koi [22]. 
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Environmental interaction studies to assess how different rearing conditions affect the growth 

and morphological development of these varieties [27,29]. 

Long-term performance evaluations in various aquaculture systems to determine the optimal 

cultivation strategies for each variety [23,29]. 

These research directions will contribute to a more comprehensive understanding of Cyprinus 

carpio varieties and their potential impacts on both aquaculture and natural ecosystems [28,29]. 

5. Conclusions 

This comprehensive study on three Romanian Cyprinus carpio varieties (Frăsinet, Ineu, and Podu 

Iloaiei) and the ornamental Koi variety has revealed significant intervariety differences in growth 

performance, body shape development, and physiological condition across multiple life stages. Our 

findings demonstrate the complex interplay between genetic factors and developmental processes in 

shaping the morphological and physiological characteristics of these economically important fish. 

The observed variations in Weight Gain, Specific Growth Rate, and Relative Growth Rate among 

the Romanian varieties highlight the potential for selective breeding programs to enhance 

aquaculture productivity within the region. The distinct patterns in profile index development 

among these varieties suggest differential adaptations to various aquatic environments found in 

Romania, which could inform both local aquaculture system design and ecological management 

strategies. 

Furthermore, the marked differences in Fulton’s condition factor across the Romanian varieties 

and life stages underscore the importance of tailored nutritional and husbandry practices in 

Romanian aquaculture settings. The unique growth and condition patterns observed in the Koi 

variety, in contrast to the Romanian varieties, emphasize the divergent evolutionary pathways 

between commercial and ornamental strains. 

These results provide a foundation for future research into the genetic and environmental factors 

underlying the observed phenotypic variations in Romanian carp varieties. Such investigations could 

lead to improved breeding programs, more efficient aquaculture practices tailored to local conditions, 

and a better understanding of the ecological implications of Cyprinus carpio diversity in Romanian 

ecosystems. The inclusion of the Koi variety offers valuable comparative insights, highlighting the 

plasticity of the species under different selection pressures. 

This knowledge will contribute to the sustainable development of carp aquaculture in Romania 

and informed management of wild populations in diverse local ecosystems. Moreover, it underscores 

the importance of conserving and studying local fish varieties as valuable genetic resources for future 

aquaculture development and biodiversity conservation efforts. 
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