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Abstract:  The present study aims to investigate the condition, length-weight (LWRs) and length-
length relationships (LLRs) of four introduced freshwater fish species (Carassius gibelio, 
Cyprinus carpio, Gambusia holbrooki, and Pseudorasbora parva) inhabited in the inland waters 
of Gökçeada (Çanakkale, Turkey). Fish samples were collected using electroshocker from one 
lentic (Büyük Stream) and four lotic (Aydıncık, Dereköy, Gökçeada, and Uğurlu Reservoirs) 
ecosystems in September 2019, April 2020, May, 2020, and July 2020. The calculated values of 
parameter b in the LWRs were 3.275 and 3.230 for G. holbrooki (Uğurlu and Büyük populations, 
respectively), 3.031 and 2.937 for C. carpio (Aydıncık and Dereköy populations, respectively), 

3.129 for C. gibelio and 3.047 for P. parva. Values of Fulton's condition factor (K) varied between 
1.72 ± 0.23 (P. parva, Gökçeada population) and 3.60 ± 0.33 (C. carpio, Dereköy population). 
The coefficients of correlation (r) for all the LLR equations were greater than 0.95 and 
significantly linear. The present study provides the first knowledge about the selected biological 
parameters for four introduced freshwater fish species in Gökçeada. 
 

Keywords: Biological traits, inland waters, insular ecosystem, non-native species. 
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Öz:  Bu çalışma, Gökçeada (Çanakkale, Türkiye) içsularında yaşayan dört aşılanmış tatlısu balığı 
türünün (Carassius gibelio, Cyprinus carpio, Gambusia holbrooki ve Pseudorasbora parva) 
kondisyon, boy-ağırlık ilişkileri (BAİ) ve boy-boy ilişkilerini (BBİ) incelemeyi amaçlamaktadır. 
Balık örnekleri Eylül 2019, Nisan 2020, Mayıs 2020 ve Temmuz 2020 aylarında bir lentik (Büyük 
Dere) ve dört lotik (Aydıncık, Dereköy, Gökçeada, ve Uğurlu Baraj Gölleri) ekosistemden 

elektroşok cihazı kullanılarak toplanmıştır. BAİ kullanılarak hesaplanan b parametresi değerleri 
G. holbrooki için 3,275 ve 3,230 (sırasıyla  Uğurlu ve Büyük populasyonları), C. carpio için 
3,031 and 2,937 (sırasıyla Aydıncık ve Dereköy populasyonları), C. gibelio için 3,129 ve P. parva 
için 3,047’dir. Fulton’un kondisyon faktörü (K) değerleri 1,72 ± 0,23 (P. parva, Gökçeada 
populasyonu) ile 3,60 ± 0,33 (C. carpio, Dereköy populasyonu) arasında değişiklik göstermiştir. 
Tüm BBİ denklemleri için korelasyon katsayıları (r) 0,95'ten büyük ve önemli ölçüde doğrusal 
olarak belirlenmiştir. Bu çalışma, Gökçeada'da tespit edilen dört aşılanmış tatlısu balığı türü için 
seçilen biyolojik parametreler hakkındaki ilk bilgileri sağlamaktadır. 
 

Anahtar kelimeler: Ada ekosistemi, biyolojik özellikler, doğal olmayan tür, içsular. 
 

 

INTRODUCTION 

 

Biological invasions are natural events and 

essentially point out range expansions of species into novel 

environments (Censky et al., 1998). One of the events for 

underlying biological invasions is an introduction of non-

native species into new areas either intentionally or 

unintentionally (Copp et al., 2005). When these 

introductions are accomplished and end up with biological 

invasions, they have the possible to lead significant 
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economic and biodiversity losses, such as been sighted 

globally (Pimentel et al., 2005). Successful biological 

invasions include complicated relationships between the 

introduced species and the physical and/or biological traits 

of the novel environments (Hayes & Barry, 2008). It is 

important to determine some biological indices (e.g. 

condition factor, and length-weight relationships) and to 

evaluate these indices in order to track the invasion success 

of introduced species. The success of introduced fish 

species has been correlated with the spatial variability of 

life-history traits (Havel et al., 2005). Such variabilities 

support introduced species due to higher toleration to 

changes in biological indices and plasticity of life-history 

traits such as condition factor and length-weight 

relationships (Marchetti et al., 2004). 

Condition factors (K), length-length relationships 

(LLRs), and length-weight relationships (LWRs) are 

significant instruments in fish biology, ecology, fisheries 

management, and conservation (Froese, 1998). Condition 

factors (K) are widely utilized for measuring the condition, 

fatness, or well-being of fish (Tesch, 1971). Fish condition 

is a cursor of recent physical and biological states (Le Cren, 

1951), therefore, the condition factor ensures significant 

knowledge about present and future population success 

with its relationship via growth, reproduction, and survival. 

Length-weight relationships (LWRs) can be used to change 

the length to weight and the opposite. Length can be 

detected more readily than weight during the field surveys. 

Thus, weight can be determined after field surveys using 

LWR. Furthermore, LWR is helpful for comparing the life 

history of an organism in different environments and 

seasons (Gonçalves et al., 1997) which can be utilized for 

morphological comparison of species and populations 

(Petrakis & Stergiou, 1995). Length-length relationships 

(LLRs) are used for different varieties of fish length 

measurements in ichthyological explorations. Briefly 

stated, standard length (SL) is used in taxonomic research, 

whereas total length (TL) and fork (FL) length are 

generally utilized for the determination of fish growth 

(Moutopoulos & Stergiou, 2002). So, it is important to 

determine these LLRs to be helpful in comparing the 

results of different studies that use different measurement 

types in length. 

Due to the absence of any native fish species 

except one species, reservoir ecosystems of Gökçeada are 

"empty" in terms of native fish species and it is indicated 

that introduced fish species have successfully filled all 

these empty niches. Hence, the aim of this study was to 

identify the K-values, LLRs, and LWRs for four introduced 

freshwater fish species gibel carp (Carassius gibelio 

Bloch, 1782), common carp (Cyprinus carpio Linnaeus, 

1758), eastern mosquitofish (Gambusia holbrooki, Girard, 

1859), and topmouth gudgeon (Pseudorasbora parva 

Temminck & Schlegel, 1846) in the lentic and lotic 

ecosystems of Gökçeada Island. Growth parameters of the 

introduced fish species currently living in the inland waters 

of the island were studied in order to discover the impact 

of the alterations in the fish composition in view of fish 

introductions in the inland waters. On the other hand, long-

term survey is necessary to track the impacts of alterations 

in the fish composition on fish populations. The findings of 

this study would ensure a source for further assessment of 

the changes in fish growth following deliberately or 

accidentally introduction of non-native species into the 

insular ecosystems. 

 

MATERIALS AND METHODS 

 

Fish samples were collected using electrofishing 

(SAMUS-1000 portable electroshocker; frequency 50-55 

Hz) from one lentic (Büyük Stream) and four lotic 

(Aydıncık, Dereköy, Gökçeada, and Uğurlu Reservoirs) 

ecosystems of Gökçeada between September 2019 and 

August 2020 (Figure 1). Data on the sampling sites and 

sampling dates were listed in Table 1. The map was created 

using QGIS ver. 3.4 software available from 

http://qgis.org.  
 

 
Figure 1. The study area and the sampling stations (1: Büyük 
Stream, 2: Aydıncık Reservoir, 3: Dereköy Reservoir, 4: 
Gökçeada Reservoir, 5: Uğurlu Reservoir). 

 
Table 1. Data on the sampling sites and dates of four introduced fish 

species in Gökçeada. 
Sampling Areas 

Sampling Dates Locality Locality 

No 

Coordinate 

Büyük Stream 1 
40° 13' 24" N,  

25° 53' 44" E 
September 2019 

Aydıncık 

Reservoir 
2 

40° 8' 53" N, 

25° 55' 42" E 

September 2019; May 2020; July 

2020 
Dereköy 

Reservoir 
3 

40° 8' 26" N, 

 25° 44' 9" E 
September 2019; July 2020 

Gökçeada 

Reservoir 
4 

40° 10' 45" N, 

 25° 51' 57" E 

September 2019; April 2020; 

May 2020; July 2020 

Uğurlu Reservoir 5 
40° 8' 12" N,  

25° 42' 49" E 
September 2019; July 2020 

 

Statistical Analysis: The fish samples were 

measured for total (TL), fork (FL) and standard length (SL) 

to the nearest 0.1 cm and weighed for total body weight 

(W) on a digital balance with a 0.01 g accuracy. The length-

weight relationship was calculated using the equation: 

http://qgis.org/
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W=aLb, where W is the total weight (g), L is the standard 

length (cm), a and b are regression parameters (Le Cren, 

1951). The equation (W=aLb) was converted into the 

natural logarithmic form (lnW=lna+blnSL)) and 

parameters a (regression intercept) and b (slope) were 

calculated by the regression analysis (King, 2007). 95% 

confidence intervals (CI) of parameters a and b were 

estimated by the equation: 95%CI=x±(t0.05×SE) (x: a or b; 

t: table value of t (t-test at 95% confidence); SE: standard 

error value of a or b) (King, 2007). 

The length-length relationship was calculated 

using linear regression analysis for being comparable to the 

results of different studies, which will use different length 

measures (Gaygusuz et al., 2006). The fish condition was 

assessed with Fulton’s Condition Factor (K=(W/L3)×100) 

(Ricker, 1975). 

 

RESULTS  

 

In total, 288 specimens of four introduced fish 

species were collected from one lentic and four lotic 

ecosystems of Gökçeada Island (Table 1). The average 

standard length (SL ± SD) and body weight (W ± SD) of 

G. holbrooki were 1.9 ± 0.4 cm and 0.18 ± 0.12 g for Büyük 

population and 2.3 ± 0.7 cm and 0.37 ± 0.53 g for Uğurlu 

population, respectively. For C. carpio, the average SL ± 

SD and W ± SD were 4.5 ± 1.2 cm and 3.84 ± 5.40 g for 

Aydıncık population, and 4.8 ± 2.5 cm and 8.46 ± 24.20 g 

for Dereköy population. The average SL ± SD and W ± SD 

of C. gibelio were calculated as 11.8 ± 0.8 and 52.54 ± 

12.36 g for Gökçeada population, and they were calculated 

as 4.7 ± 1.4 cm and 2.18 ± 1.71 g for P. parva in the same 

population. The estimated LWRs and condition factors of 

four species were listed in Table 2. The calculated values 

of parameter b in the LWRs were 3.230 and 3.275 for G. 

holbrooki (Büyük and Uğurlu populations, respectively), 

3.031 and 2.937 for C. carpio (Aydıncık and Dereköy 

populations, respectively), 3.129 for C. gibelio and 3.047 

for P. parva (Figure 2). Fulton's condition factor varied 

between 1.72 ± 0.23 (P. parva, Gökçeada Reservoir 

population) and 3.60 ± 0.33 (C. carpio, Dereköy 

population). The estimated LLRs of four species were 

summarized in Table 3. The coefficients of correlation (r) 

for all the LLR equations were greater than 0.95 and 

significantly linear.  

 

Table 2. The descriptive statistics, estimated parameters of length-weight relationships and condition factor values of four introduced fish 
species living in Gökçeada (n: number of individuals, SL: standard length, W: body weight, Min: minimum, Max: maximum, a: intercept, 
b: slope, 95% CI: 95% confidence limit, r: coefficient correlation, K: condition factor, SD: standard deviation). 

Species  Locality  n 
SL, cm W, g Regression Parameters 

95% CL of a 95% CL of b r K (±SD) 
Min.-Max. Min.-Max. a b 

Gambusia holbrooki 
Büyük Stream 38 1.1 – 3.0 0.02 – 0.56 0.018 3.230 0.016 – 0.021 3.057 – 3.403 0.99 2.14 ± 0.22 

Uğurlu Reservoir 89 1.3 – 5.0 0.03 – 3.40 0.016 3.275 0.015 – 0.018 3.168 – 3.381 0.99 2.02 ± 0.32 

Cyprinus carpio 
Aydıncık Reservoir 47 2.1 – 10.0 0.28 – 38.74 0.031 3.031 0.025 – 0.038 2.894 – 3.168  0.99 3.27 ± 0.32 

Dereköy Reservoir 51 2.6 – 16.5 0.63 – 162.45 0.039 2.937 0.035 – 0.044 2.863 – 3.010 0.99 3.60 ± 0.33 

Carassius gibelio Gökçeada Reservoir 33 10.4 – 13.9 35.12 – 86.68 0.023 3.129 0.006 – 0.079 2.623 – 3.635 0.92 3.13 ± 0.29 

Pseudorasbora parva Gökçeada Reservoir 30 2.0 – 7.0 0.12 – 6.57 0.016 3.047 0.012 – 0.020 2.889 – 3.204 0.99 1.72 ± 0.23 

 

Table 3. Relationships between total, fork and standard length for four introduced fish species living in Gökçeada (n: sample size, TL: 
Total length, FL: Fork length, SL: Standard length, a and b are the parameters of linear regression analysis). 

Species Locality n SL = a + bTL SL = a + bFL FL = a + bTL 

Gambusia holbrooki 
Büyük Stream 38 SL = -0.022 + 0.771 TL (r = 0.97) – – 

Uğurlu Reservoir 89 SL = -0.094 + 0.815 TL (r = 0.99) – – 

Cyprinus carpio 
Aydıncık Reservoir 47 SL = -0.132 + 0.794 TL (r = 0.99) SL = -0.130 + 0.887 FL (r = 0.97) FL = -0.011 + 0.896 TL (r = 0.99) 

Dereköy Reservoir 51 SL = -0.149 + 0.806 TL (r = 0.99) SL = -0.174 + 0.906 FL (r = 0.99) FL = 0.026 + 0.890 TL (r = 0.99) 

Carassius gibelio Gökçeada Reservoir 33 SL = 0.755 + 0.732 TL (r = 0.97) SL = 0.254 + 0.838 FL (r = 0.98) FL = 0.616 + 0.872 TL (r = 0.98) 

Pseudorasbora parva Gökçeada Reservoir 30 SL = -0.066 + 0.812 TL (r = 0.99) SL = -0.058 + 0.885 FL (r = 0.99) FL = -0.008 + 0.918 TL (r = 0.99) 

 

 
Figure 2. Diagram of the length-weight relationships of four introduced fish species living in Gökçeada inland waters. 
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DISCUSSION 

 

Biological parameters have been used for 

ichthyological studies since the beginning of the last 

century (Froese, 2006) as a basic instrument to evaluate the 

well-being of species. The parameter of condition factor 

evaluates the condition of fish and can also be utilized to 

respectively distinguish and measure the impacts of length 

condition and other relevant factors (Le Cren, 1951). In the 

present study, values of K (see Table 2) varied between 

1.72 for P. parva and 3.60 for C. carpio (Dereköy 

population). The condition factors of examined species 

found in this study were strikingly higher than the values 

reported in the previous studies (Table 4). Condition 

factors of ≥1 show a good status of feeding and suitable 

environmental factor (Ujjania et al., 2012). The K-values 

of all examined populations in the present study were ≥1 

showing their proper environmental conditions of habitats. 
 
 

Table 4. The comparison of K and b values of the current study and previous studies. 
Species K References Species b References 

G. holbrooki 

2.02 This study 

G. holbrooki 

3.230 This study 

2.14 This study 3.275 This study 

1.13 Eagderi & Radkhah (2015) 3.230 Öztürk & İkiz (2004) 
1.28 Ergüden & Ergüden (2008) 2.945 İlhan & Sarı (2015) 

1.38 Ergüden (2013) 2.960 Ergüden (2013) 

 2.866 Kurtul & Sarı (2020) 

C. carpio 

3.27 This study 

C. carpio 

2.937 This study 
3.60 This study 3.031 This study 

1.87 Demirkalp (2007) 3.140 Tarkan et al. (2006) 

1.34 Karataş (2007) 3.319 Karataş et al. (2007) 

1.97 Yılmaz et al. (2010) 3.010 Çolakoğlu & Akyurt (2011) 

C. gibelio 

3.13 This study 

C. gibelio 

3.129 This study 

2.49 Bostancı (2007) 2.856 Birecikligil et al. (2016) 

2.68 Yazıcıoğlu (2013) 2.870 Reis et al. (2019) 

 2.571 Ergüden (2015) 

P. parva 
1.72 This study 

P. parva 

3.047 This study 
0.96 Kırankaya et al. (2014) 3.324 Kırankaya et al. (2014) 

0.95 Arslan & Özeren (2019) 2.867 Benzer et al. (2016) 

 3.121 Benzer & Benzer (2020) 

 

In the present study, the coefficient of correlation 

(r) values for all the LLRs of four introduced fish species 

were greater than 0.95 (see Table 3) and these results 

would be useful for comparative growth studies of the 

same species. On the other hand, the b values in LWRs 

determine the growth type of the fish and when it is 3, the 

increase in weight is isometric (Bagenal & Tesch, 1978), 

otherwise it is allometric (positive allometric if b>3, 

negative allometric if b<3; see King, 1996). Additionally, 

this value usually estimated in fishes is within the range of 

2.5–3.5 (Froese, 2006). In this study, the estimates of b 

values varied between 2.937 (C. carpio, Dereköy 

population) and 3.275 (G. holbrooki, Uğurlu population) 

for examined fish species (see Table 2) and these values 

are in the expected range. According to these findings, C. 

gibelio, C. carpio, and P. parva showed isometric growth 

(b=3), whereas G. holbrooki showed positive allometric 

growth (b>3). When these findings are compared with the 

results in the literature for the same ecosystems in Turkey, 

for the examined fish species in this study, the b values 

found in this study was both lower and higher than those 

reported by different authors (Table 4). Different 

environmental conditions in the habitat of fish have 

negative or positive impacts on growth (Nikolsky, 1963). 

This may clarify same fish species in different habitats can 

exhibit differences on growth. The other reasons for these 

differences could be the different TL ranges and different 

sample sizes (more small or large individuals) of the 

statistical populations examined in the different researches 

(Froese, 2006). Additionally, sex, health condition, gonad 

maturity, and stomach fullness could be thought the other 

factors that would be effective on these differences.  

In conclusion, introduced species are able to 

survive a broad diversity of environments and adapt to high 

levels of habitat disruptions, being able to inhabit 

ecosystems that many other species are incapable to 

tolerate (Araújo et al., 2003). Thus, introduced species are 

in good status in terms of condition and other growth 

parameters. The results of this study stated that introduced 

species can be survived to different environmental factors 

by regulating their growth model. On the other hand, this 

study presented the first information about the selected 

biological indices (i.e. K and LWR) for four introduced 

fish species in Gökçeada that would be useful for 

researchers to better understanding its phenotypic 

plasticity in lotic and lentic ecosystems of the island. 
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