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Abstract
Objective: The aim of this study is to determine the length-weight relationships and 
condition factors of two native freshwater fish species and the invasive Carassius gibelio 
in the Karamenderes Stream (Çanakkale, Türkiye).
Materials and Methods: Fish specimens were caught monthly from August 2007 to July 
2008 using cast nets in Karamenderes Stream’s Pınarbaşı location. The length-weight 
relationship was calculated according to W = aLb and the Fulton’s condition factor was 
calculated according to K = 100*W/L3 equations.
Results: The b (slope) values of the length-weight relationships are 3.026, 3.201, and 
3.255, respectively, for Barbus oligolepis, Squalius cii, and C. gibelio. The growth was 
isometric in B. oligolepis and positive allometric in C. gibelio and S. cii. The Fulton’s 
condition factor varied between 0.51 and 2.08 in C. gibelio, 0.76 and 1.25 in B. oligolepis, 
and 0.59 and 1.44 in S. cii specimens.
Conclusion: This study is the first report that presents the length-weight relationship of 
two native species, B. oligolepis and S. cii, in the presence of invasive C. gibelio. The 
length and weight distribution pattern through the year indicated that there was seasonality 
in the utilization of this section of the stream by juvenile and adult stages of three species. 
The lowest condition factor and b value in B. oligolepis led us to the conclusion that the 
competitive exclusion risk of this species. The effect of invasive C. gibelio on the natives 
should be further researched focusing on species interactions. From the fact that there are 
limited data on the length-weight relationship and biology of B. oligolepis and S. cii, there 
is a need for further research.
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Introduction

In general, length-weight relationships in fisheries biology 
aid to determine the regional or habitat-specific biological 
characteristics of the species (Gonçalves et al., 1997). 
Additionally, the length-weight relationships are useful 
for determining the stock assessment, sexual maturation of 
fishes (Ogle, 2018; Wottoon, 1990) and are a time-saving 
tool in the fieldwork (Martin-Smith, 1996). It has been 
assumed that the length-weight relationships of fish species 

sharing the same habitat will shed light on interspecific 
relationships in the community (Robinson et al., 2010). 
Barbus oligolepis (Battalgil, 1941) and Squalius cii 
(Richardson, 1857) are two native freshwater fish species 
that share the same habitat with invasive Carassius gibelio 
(Bloch, 1782) in Karamenderes Stream. The length-weight 
relationship and condition factor values of these native 
species with an invasive species may give interesting 
data because of possible food or habitat competitions that 
may have to arise due to the interaction of species with 
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each other. When studying length-weight relationships, 
it is important to keep in mind that they are influenced 
by a variety of biotic and abiotic factors (Froese, 2006). 
In addition to physical or chemical constitutes, there 
is limited study on the length-weight relationships of 
native B. oligolepis and S. cii species in the presence of 
invasive competitors. Therefore, the aim of this study is to 
determine the length-weight relationships, length, weight, 
and condition factor distributions of two native freshwater 
fish species and invasive C. gibelio in the Karamenderes 
Stream’s Pınarbaşı location.

Material and Methods

Field studies were carried out with monthly surveys 
between August 2007 and July 2008. Sampling was carried 
out along nearly to 2 km section at Pınarbaşı location 
(39°53′28″ N, 26°17′32″E and 39°54′07″N, 26°16′28″E) 
of Karamenderes Stream in Çanakkale (Türkiye) with cast 
nets (12-25 mm mesh size) (Fig. 1). Karamenderes Stream 
originates from Kaz and Ağı mountain, flows through 
Troy, and reaches Çanakkale Strait. The stream is 109 km 
long, nearly 3–15 m wide, and it includes two irrigation 
reservoirs (Bayramiç and Pınarbaşı Reservoirs). The depth 
of the study area is nearly 25-80 cm, habitat is run, riffle, 
and pool characteristic and the bottom type includes gravel, 
sand, and clay. After sampling, the specimens were kept in 
clove oil treatment under ethical guidelines then they were 
carried to the laboratory (Prince & Powell, 2000). In the 
laboratory, the total length (TL) of the fish specimens was 
measured with a ruler nearest to 0.1 mm. Body weights 
(W) were weighed with a digital balance nearest to 0.1 g. 
The descriptive statistics were given as mean, standard 

deviation, minimum and maximum values for TL, W, 
and K. The equation of W = aLb; W: body weight (g), a: 
regression intercept, b: growth coefficient, L: total length 
(cm) equation was used to determine the length-weight 
relationships of the specimens (Bagenal, 1978; Froese, 
2006). In this equation, the growth type was determined 
based on the b value. If this value is greater than 3, it is 
defined as positive allometric growth, if it is less than 3, it 
is defined as negative allometric growth, and if it is equal 
to 3 it is defined as isometric growth (Bagenal, 1978). 
The linear regression model was used to estimate 95% 
confidence limits (Cl) of a and b, and the coefficient of 
determination (r2) according to Ogle (2018) in R Software 
(R Core Team, 2021). The visualization of the figure was 
produced with the ggplot2 package (Wickham, 2016) in R 
Software (R Core Team, 2021). The maps were produced in 
ArcGIS. Fulton Condition Factor (K = 100*W/L3) equation 
was used to determine the body condition of specimens 
(Le Cren, 1951). 

Results

A total of 271 specimens were examined of three species 
whereas 77 specimens were B. oligolepis, 117 specimens 
were C. gibelio and 77 specimens were S. cii. Even 
attempts, fish could not be caught in some months (Fig. 
2). The species total length, weight and condition factors 
descriptive are given in Table 1. 
 The specimens of B. oligolepis were found to be smaller 
between August and October (2007) than in other months 
in terms of overall length and weight (Fig. 2). The largest 
specimens in the population were sampled in March, April, 
and July 2008. In terms of the condition factor, it was 

Figure 1. The map of the sampling area (Karamenderes Stream, Çanakkale, Türkiye).
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determined that the condition was low in August-October 
2007. Based on total length and weight by month, the C. 
gibelio population was smaller in August-October 2007 

than in other months (Fig. 2). The largest specimens in the 
population were sampled in April-June 2008. The condition 
factor was found to be higher in C. gibelio specimens than 
in other species specimens. In November 2007 and June 
2008, the specimens in the S. cii population were smaller 
than in other months in terms of total length and weight 
by month (Fig. 2). The largest specimens in the population 
were sampled in October 2007 and April-May 2008. In 
terms of condition factors for S. cii specimens, it was 
determined that the highest condition factor was in May 
and June 2008 (Fig. 2).
 The growth characteristics and descriptive statistics 
of the three species were given in Table 1. The growth 
equation of the examined B. oligolepis specimens was 
W=0.0091L3.0256, the growth equation of C. gibelio 
specimens was W=0.0079L3.2552 and the growth equation 
of S. cii specimens was W=0.0062L3.2006. According to the 
growth equations of the examined specimens, the growth 
was isometric in B. oligolepis and positive allometric in C. 
gibelio and S. cii. (Table 1). The highest growth coefficient 
(b value) out of the three species was found in C. gibelio 
specimens (Table 1).

Discussion

In this study, the length-weight relationships and 
condition factors of three freshwater fish species have 
been examined. The b values for all three species were 
within the predicted range (2.5–3.5) (Froese, 2006). 
The feeding behaviours, reproductive characteristics, 
seasonality, and habitat characteristics can be given 
among the elements that affect the length-weight 
relationship and the condition factor (Froese, 2006; 
Wootton, 1990). The predicted range of b values should 
be evaluated by various elements of species’ life-history 
traits. As it is known, the gonads of freshwater fish 
mature during the spawning season, which causes an 
increase in body weight (Nikolsky, 1963; Wootton, 
1990). The high condition values in three species in 

Figure 2.  a:Total length (cm), b:weight (g), and c:condition 
factor values of three species.

Table 1. Length-weight relationships parameters and descriptive statistics for three species (TL: Total length; W: Body weight; K: 
Condition factor; n: Number of specimens; SD: Standard deviation; a: Intercept of linear regression; b: Slope of linear regression; CI: 
Confidential interval; r2: Coefficient of determination (R<0.05)).

TL (cm) W (g) K Parameters of the length-weight 
relationships

Species n mean±SD min max mean±SD min max mean±SD min max a 95% CI of a b 95% CI of b r2

B. 
oligolepis 77 17.3±3.9 11.1 28.1 59.4±45.6 12.1 213.4 0.99±0.11 0.76 1.25 0.0091 0.007 0.013 3.026 2.907 3.144 0.9733
C. gibelio 117 14.7±6.4 4.0 32.5 77.9±84.4 0.6 344.1 1.55±0.26 0.51 2.08 0.0079 0.007 0.009 3.255 3.194 3.317 0.9898
S. cii 77 18.8±5.4 7.8 33.8 97.8±96.5 3.5 487.6 1.12±0.17 0.59 1.44 0.0062 0.004 0.009 3.201 3.084 3.318 0.9754
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the spawning season (spring and beginning of summer) 
might be explained by maturity.
 In the literature there are many well documented studies 
on the length-weight relationship and condition features of 
invasive C. gibelio (Ağdamar & Gaygusuz, 2021; Birecikligil 
et al., 2016; Bostancı et al., 2007; Erguden, 2016; Güçlü & 
Küçük, 2021; Ilhan & Sari, 2015; Kırankaya & Ekmekçi, 
2013; Saç & Okgerman, 2016; Şaşı, 2015; Yazıcıoğlu et 
al., 2013). Based on these studies it can be said that there 
were spatial variations in length-weight relationships and the 
condition factor values depending on local conditions and 
community structure. In Kocabaş Stream (Biga Peninsula), 
the b values of B. oligolepis specimens are higher (3.17 and 
3.31) than that in Karamenderes population (Ertürk Gürkan 
& Yalçın Özdilek, 2020). On the other hand, when this study 
is compared to the study in Kocabaş Stream, b values for S. 
cii specimens were similar with the downstream population 
(3.21) but lower than the upstream population (3.41, see 
Ertürk Gürkan & Yalçın Özdilek, 2020). The b values of B. 
oligolepis and S. cii reported by İlhan et al (2012) are similar 
to the present results.
 This study is the first report that presents the length-
weight relationship of two native species, B. oligolepis 
and S. cii, in the presence of invasive C. gibelio. The fact 
that C. gibelio had a high b value and the high condition 
factor is compatible with the previous studies that have 
been reported invasive characteristics of this species. 
For instance, the characteristics of the invasive species 
include high plasticity (Yalçın Özdilek & Jones, 2014), 
rapid spreading through the gynogenesis and reproductivity 
characteristics (Paschos et al., 2004), altering the native 
species niches (Yalçın Özdilek et al., 2019), and filling the 
vacant niches (Karlson et al., 2015). 
 As a conclusion of this study, the section of 
Karamenderes Stream was used for both juvenile and 
adult stages by three species. The length and weight 
distribution pattern through the year indicated that there 
was seasonality in the utilization of this section by juvenile 
and adult stages of three species. The lowest condition 
factor and b value in B. oligolepis led us to the conclusion 
that the competitive exclusion risk of this species. The 
effect of invasive C. gibelio on the natives should be 
further researched focusing on species interactions. From 
the fact that there are limited data on the length-weight 
relationship and biology of B. oligolepis and S. cii, there 
is a need for further research.

Fund: This study was funded by Çanakkale Onsekiz Mart 
University BAP 2007/51 project.

Conflict of Interest: The authors declare no conflict of 
interest.
Acknowledgement: This study was funded by Çanakkale 
Onsekiz Mart University BAP 2007/51 project. We would 
like to thank fisherman Selahattin Erol for specimen 
collection on the field.
Author Contributions: Conception/Design of study: 
S.Y.O., N.P.; Data Acquisition: S.Y.O.; Data Analysis/ 
Interpretation: N.P.; Drafting Manuscript: N.P., S.Y.O.; 
Critical Revision of Manuscript: N.P., S.Y.O.; Final 
Approval and Accountability: N.P., S.Y.O.

References

Ağdamar, S., & Gaygusuz, Ö. (2021). Condition, Length-Length and 
Length-Weight Relationships for Four Introduced Freshwater 
Fish Species from an Island Ecosystem (Gökçeada, Turkey). 
Journal of Anatolian Environmental and Animal Sciences, 6(3), 
403–408.

Bagenal, T. (1978). Method for assessment of fish production in 
freshwaters. Blackwell Sci.

Birecikligil, S. S., Çİçek, E., Öztürk, S., Seçer, B., & Celepoğlu, Y. 
(2016). Length-length, length-weight relationship and condition 
factor of fishes in Nevşehir Province, Kızılırmak River Basin 
(Turkey). Actabiologicaturcica.Com, 29(3), 72–77.

Bostancı, D., Polat, N., Kandemir, Ş., & Yılmaz, S. (2007). 
Determination of Condition Factor and Length-Weight 
Relationship of the Crucian Carp, Carassius gibelio (Bloch, 
1782) Inhabiting Bafra Fish Lake. SDÜ Fen Edebiyat Fakültesi 
Fen Dergisi (E-Dergi), 2(2), 117–125.

Erguden, S. A. (2016). Length-weight relationships for six freshwater 
fish species from the Seyhan Reservoir (south-eastern Anatolia, 
Turkey). Journal of Applied Ichthyology, 32(1), 141–143. 
https://doi.org/10.1111/jai.12905

Ertürk Gürkan, S., & Yalçın Özdilek, Ş. (2020). Circumstantial 
evidence of effect of trout farming on length-weight relations 
of native fish species : Barbus oligolepis (Battalgil , 1941) and 
Squalius cii (Richardson , 1857). Journal of Aquaculture & 
Marine Biology, 9(3), 87–90.

Froese, R. (2006). Cube law, condition factor and weight-length 
relationships: History, meta-analysis and recommendations. 
Journal of Applied Ichthyology, 22(4), 241–253. https://doi.
org/10.1111/j.1439-0426.2006.00805.x

Gonçalves, J. M. S., Bentes, L., Lino, P. G., Ribeiro, J., Canário, A. V. 
M., & Erzini, K. (1997). Weight-length relationships for selected 
fish species of the small-scale demersal fisheries of the south 
and south-west coast of Portugal. Fisheries Research, 30(3), 
253–256. https://doi.org/10.1016/S0165-7836(96)00569-3



25

Yalçın Özdilek & Partal

Turk J Biosci Collect. 2022

Güçlü, S. S., & Küçük, F. (2021). Length-weight relationships of 
fishes in the Gediz River basin lentic systems (Turkey). Journal 
of Limnology and Freshwater Fisheries Research, 7(2), 166–
170. https://doi.org/10.17216/limnofish.798820

İlhan, A., & Sari, H. M. (2015). Length-Weight Relationships 
of Fish Species in Marmara Lake, West Anatolia, Turkey. 
Croatian Journal of Fisheries, 73(1), 30–32. https://doi.
org/10.14798/73.1.784

İlhan, A., Sarı, H. M., Saygı, H., & Ustaoğlu, M. R. (2012). 
Length–weight relationships of freshwater fishes in the Biga 
Peninsula (northwestern Anatolia, Turkey). Journal of Applied 
Ichthyology, 28, 857–858.

Karlson, A. M. L., Gorokhova, E., & Elmgren, R. (2015). Do deposit-
feeders compete? Isotopic niche analysis of an invasion in a 
species-poor system. Scientific Reports, 5, 1–8. https://doi.
org/10.1038/srep09715

Kırankaya, Ş. G., & Ekmekçi, F. G. (2013). Life-history traits of 
the invasive population of Prussian carp, Carassius gibelio 
(Actinopterigi: Cypriniformes: Cyprinidae), from Gelingüllü 
reservoir, Yozgat, Turkey. Acta Ichthyologica et Piscatoria, 
43(1), 31–40. https://doi.org/10.3750/AIP2013.43.1.05

Le Cren, E. D. (1951). The Length-weight relationship and seasonal 
cycle in gonad weight and condition in the perch (Perca 
fluviatilis). Journal of Animal Ecology, 20, 201–219.

Martin-Smith, K. M. (1996). Length/weight relationships of 
fishes in a diverse tropical freshwater community, Sabah, 
Malaysia. Journal of Fish Biology, 49(4), 731–734. https://
doi.org/10.1006/jfbi.1996.0201

Nikolsky, G. V. (1963). The Ecology of Fishes (Translated by L. 
Birkett). UK: Academic Press.

Ogle, D. H. (2018). Introductory Fisheries Analyses with 
R. Introductory Fisheries Analyses with R. https://doi.
org/10.1201/9781315371986

Paschos, I., Nathanailides, C., Tsoumani, M., Perdikaris, C., Gouva, 
E., & Leonardos, I. (2004). Intra and inter-specific mating 
options for gynogenetic reproduction of Carassius gibelio 
(Bloch, 1783) in Lake Pamvotis (NW Greece). Belgian Journal 
of Zoology, 134(1), 55–60.

Prince, A., & Powell, C. (2000). Clove Oil as an Anesthetic for Invasive 
Field Procedures on Adult Rainbow Trout. North American 
Journal of Fisheries Management, 20(4), 1029–1032. https://
doi.org/10.1577/1548-8675(2000)020<1029:coaaaf>2.0.co;2

R Core Team. (2021). R: A language and environment for statistical 
computing. In R Foundation for Statistical Computing. https://
www.r-project.org/

Robinson, L. A., Greenstreet, S. P. R., Reiss, H., Callaway, R., 
Craeymeersch, J., De Boois, I., Degraer, S., Ehrich, S., Fraser, 
H. M., Goffin, A., Kröncke, I., Jorgenson, L. L., Robertson, M. 
R., & Lancaster, J. (2010). Length-weight relationships of 216 
North Sea benthic invertebrates and fish. Journal of the Marine 
Biological Association of the United Kingdom, 90(1), 95–104. 
https://doi.org/10.1017/S0025315409991408

Saç, G., & Okgerman, H. (2016). Length-weight relationship, 
length-length relationship and condition factor of some fish 
populations in Büyükçekmece Reservoir (İstanbul, Turkey). 
Journal of Limnology and Freshwater Fisheries Research, 2(1), 
43. https://doi.org/10.17216/limnofish-5000169386

Şaşı, H. (2015). Gowth and Condition of Invasive Species Prussian 
Carp, Carassius gibelio (Bloch, 1782) in a Dam Lakes from 
Büyük Menderes Basin (Turkey). Mugla Journal of Science 
and Technology, 1(2), 6–10.

Wickham, H. (2016). ggplot2: Elegant Graphics for Data Analysis. 
In Journal of the Royal Statistical Society: Series A (Statistics 
in Society) (Vol. 174, Issue 1). Springer Nature. https://doi.
org/10.1111/j.1467-985x.2010.00676_9.x

Wootton, R. J. (1990). Ecology of teleost fishes. Kluwer Academic 
Publishers.

Yalçın Özdilek, Ş., & Jones, R. I. (2014). The diet composition and 
trophic position of introduced Prussian carp Carassius gibelio 
(Bloch, 1782) and native fish species in a Turkish river. Turkish 
Journal of Fisheries and Aquatic Sciences, 14(3), 769–776. 
https://doi.org/10.4194/1303-2712-v14_3_19

Yalçın Özdilek, Ş., Partal, N., & Jones, R. I. (2019). An invasive 
species, Carassius gibelio, alters the native fish community 
through trophic niche competition. Aquatic Sciences, 81(2), 
1–11. https://doi.org/10.1007/s00027-019-0623-6

Yazıcıoğlu, O., Yılmaz, S., Yazıcı, R., & Polat, N. (2013). Ladik 
Gölü (Samsun, Türkiye)’nde Yaşayan Havuz Balığı, Carassius 
gibelio (Bloch, 1782)’nın Kondisyon Faktörü, Boy-Ağırlık ve 
Boy-Boy İlişkileri. The Black Sea Journal of Sciences, 3(9), 
72–80.




