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Abstract

Length-weight relationships and condition factors were estimated for eight exotic fish species,
including Oreochromis niloticus, Coptodon zillii, Carassius auratus, C. gibelio, Pseudorasbora
parva, Gambusia holbrooki, Lepomis gibbosus, and Oncorhynchus mykiss from 10 river basins in
Tirkiye. A total of 1958 specimens were sampled between 2014 and 2019 from 29 populations, and
their length-weight relationships, Fulton’s relative, and mean condition factors were estimated. The
estimated values of the parameter b ranged from 2.732 (C. auratus) to 3.319 (C. gibelio) with the
mean and median values estimated at 3.013 and 3.047, respectively. The R? values varied from 0.753
to 0.998, indicating a high degree of the positive relationship between length and weight. The Fulton’s
condition factor ranged between 0.882 (P. parva) and 2.002 (L. gibbosus) with the mean and median
values of 1.397 and 1.453, respectively. This situation reveals that the condition values of all alien
species except P. parva are quite high. In addition, the condition factor values of exotic fish species
and native species live with in Lake Cildir were compared to observe their competition with
indigenous fishes of the lake. As a result of this comparison, it was found that C. gibelio has the
highest condition factor value.
Keywords: condition factor, exotic fish species, river basin, growth pattern

Oz
Bu c¢alismada Tiirkiye’nin 10 farkli nehir havzasindan, Oreochromis niloticus, Coptodon zillii,
Carassius auratus, C. gibelio, Pseudorasbora parva, Gambusia holbrooki, Lepomis gibbosus ve
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Oncorhynchus mykiss olmak iizere sekiz egzotik balik tiiriiniin boy-agirlik iligkileri (L-WRs) ve
kondisyon faktdrii degerleri tahmin edilmistir. 2014, 2017, 2018 ve 2019 yillar1 arasinda 29
populasyondan 1958 birey o6rneklenmistir. Boy-agirlik iliskisi sabitlerinden b degerinin 2,732 (C.
auratus) ile 3,319 (C. gibelio) arasinda degisim gosterdigi belirlenmis olup ¢alisilan populasyonlar
i¢in ortalama ve ortanca degerler sirasiyla 3,013 ve 3,047 olarak hesaplanmistir. Regresyon analizi
sonucunda boy-agirlik degerleri arasinda yiiksek bir pozitif iliski belirlenmis olup R? degeri 0,753 ile
0,998 arasinda bulunmustur. Fulton’un kondisyon faktorii degerinin 0,882 (P. parva) ile 2,002 (L.
gibbosus) arasinda degisim gosterdigi belirlenmis ve ortalama ve ortanca degerler sirasiyla 1,397 ve
1,453 olarak hesaplanmistir. Bu durum P. parva disinda diger tiim egzotik tiirlerin kondisyon
degerlerinin oldukca yiiksek oldugunu ortaya koymaktadir. Bunun yani sira Cildir Géliinde egzotik
balik tiirleri ile birlikte yasadiklar yerli tiirlerin kondisyon faktorii degerleri de karsilastirilmistir. Bu
karsilastirma sonucunda C. gibelio’nun en yiiksek kondisyon faktorii degerine sahip oldugu
belirlenmistir.
Anahtar sézciikler: kondisyon faktor, egzotik balik tiirleri, nehir havzasi, biiyiime paterni

Introduction

Exotic species in new environments can threaten native species due to
resource competition, predation, and disease, driving them to decline or even
extinction. Their adverse effects are seen not only in the aquatic environments where
they enter but also in the local economies. Exotic species' influence on biodiversity
is rising and becoming a global threat. To date, 39 exotic fish species have been
reported from Turkish inland waters (Cetinkaya, 2006; Innal & Erkakan, 2006; Innal,
2012; Tarkan et al., 2015; Cigek et al., 2021), of which 19 of them have established
populations in the wild (Cigek et al., 2020, 2022). So, it is important to keep an eye
on the spread of exotic species and how they affect the freshwater ecosystem in
Tiirkiye.

The length-weight relationships (LWRs) are a valuable tool for estimating
the weight of a given length, biomass from length data, comparing them to relative
conditions among species, regions, even years and life histories, and population
dynamics of given species (da Costa et al., 2014). The condition factor of fish
indicates the degree of food source availability, environmental condition and stress,
state of sexual maturity, age, and sex (Anibeze, 2000; Liang & Cai, 2020). Therefore,
estimations of population biology traits are a crucial part of fisheries biology and
management (Froese et al., 2011). These estimations for exotic species may help us
to take measures to prevent their effects on native biodiversity and conservation
biology.

The knowledge on the length-weight relations of the exotic freshwater fishes
in Tiirkiye is limited (Innal & Gianetto, 2017; Kurtul & Sar1, 2020). Therefore, this
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study aimed to investigate the length-weight relationships and condition factors of
exotic fish species collected from some freshwater habitats in Tiirkiye.

Materials and Methods

Fish samples were collected in the spring, summer, and fall of the years 2014,
2015, 2017, 2018, and 2019 from 10 river basins (West and East Mediterranean,
Coruh, Seyhan, Aras, Asi, East Black Sea, Firat, Konya and North Aegean) in
Tiirkiye. Fish were caught using a backpack electrofishing device (SAMUS 1000) in
lotic waters and gillnets in lentic aquatic ecosystems. The collected fish specimens
were fixed into 10% formaldehyde solutions after anaesthesia and then transferred
to the laboratory for further study. In the laboratory, total length (L) and total weight
(W) were measured to the nearest 0.01 cm and 0.01 g, respectively.

The LWRs function was fitted with a simple linear regression model using
log-transformed data:

W=a*L" (1)

where a is the intercept and b is the allometric coefficient (LeCren, 1951). The 95%
confidence interval (CI) was determined for parameters a and b (Froese, 2006).
Before to regression analyses, log-log plots of the length-weight pairs were
performed to identify outliers (Froese et al., 2011). Outliers perceived in the log—log
plots of all these eight species were eliminated from the analysis. Fulton’s condition
factor (Kr) was estimated using the formula (Ricker, 1975; Froese, 2006):

Ke=(WIL})x 100 (2)

The relative condition factor (Kr) was calculated using the equation (Froese,
2006):

Kr=WiaxLl’  (3)

The mean condition factor (Km) for a given length was derived from the
respective WLR (Froese, 2006) using the formula:

Kwvi=100 x g x L (4)
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The form factor (a3:0) was used to assess if a population’s or species’ body
shape differs significantly from that of others, which was calculated using the
formula (Froese, 2006):

a3:.0=10'084-5(-3) 5

where S was the slope of the regression of log a vs b. This value was used as a -1.358
proxy for estimating the form factor (Froese, 2006).

All statistical analyses were performed in Excel 2016 and Past 3.26 software.
Results and Discussion

During the study period, a total of eight exotic fishes, Oreochromis niloticus
(Linnaeus, 1758), Coptodon zillii (Gervais, 1848), Carassius auratus (Linnaeus,
1758), C. gibelio (Bloch, 1782), Pseudorasbora parva (Temminck & Schlegel,
1846), Gambusia holbrooki Girard, 1859, Lepomis gibbosus (Linnaeus, 1758), and
Oncorhynchus mykiss (Walbaum, 1792) were collected. C. auratus is the first exotic
fish introduced into Tiirkiye’s inland waters (Deveciyan, 1926), followed by G.
holbrooki for biological control of mosquitos (Geldiay & Balik, 2007). Aquaculture,
as the main reason for introducing egzotic fish species with a relatively short history
in Tirkiye, was began with the farming of rainbow trout (Food and Agriculture
Organization of United Nations [FAO], 2005) and then seven tilapia species such as
C. zillii and O. niloticus were imported to improve aquaculture production
(Cetinkaya, 2006; Innal & Erkakan, 2006). All of these eight species have been
successfully naturalized and become exotic in the freshwater basins of Tilirkiye
(Ozcan, 2007; Tarkan et al., 2012; Yerli et al., 2014; Ozcan & Tarhan, 2019, Cicek
etal., 2022).

The distribution of fish populations and total number fish caught from each
basin and and year classes are given in Table 1. Their descriptive statistics including
the length, weight, and LWRs parameters are indicated in Table 2. Estimated values
of b varied from 2.732 (C. auratus) to 3.319 (C. gibelio) with a mean and median of
3.013 and 3.047, respectively. A total of 18 populations displayed isometric growth
(b =13), 2 populations had negative allometric growth (b < 3) and 9 populations had
positive allometric growth (b < 3) patterns. For the studied populations, the b values
ranged within the expected range of 2.5-3.5 (Froese, 2006). All relationships were
highly significant (P < 0.005), with R? values being greater than 0.75, indicating a
high degree of a positive relationship between length and weight.
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The length-weight relationship parameters depend on food availability,
environmental conditions, environmental stress, geographic region, and climatic
changes (Matos et al., 2019; Prestes et al., 2019; Sampaio et al., 2019; Oliveira et al.,
2020). Our results revealed that the parameters of the exotic fishes collected from
Tiirkiye fall within the range of previous reports (Cetinkaya, 2006; Innal & Erkakan,
2006; Innal, 2012; Tarkan et al., 2015; Cigek et al., 2021, 2022) indicating that likely
inhabit ecosystems that are suitable for them, e.g., cichlid species were discovered
in the Mediterranean region during field surveys conducted between 2014 and 2019
due to their preference for tropical climates. In addition, G. holbrooki is found in a
range of water bodies, demonstrating its high tolerance for aquatic conditions. Other
successful exotic fishes such as C. auratus, C. gibelio, P. parva, and L. gibbosus
were collected in lentic waters and used to release common carps into natural
environments for stocking programs, demonstrating that restocking programs are the
primary cause of exotic species spread in many Turkish waters.

Fulton’s, relative and mean condition factors, and form factors were
calculated for the 29 studied populations (Table 4, Figure 1). The values of Kr were
in the range of 0.875 (P. parva) to 1.973 (L. gibbosus) with a mean and median of
1.376 and 1.445, respectively. We found out that Fulton’s and mean condition factors
were similar. As is seen from Table 4, the values of Kr varied from 0.993 (P. parva)
to 1.047 (G. holbrooki). Le Cren (1951) proposed the relative condition factor (Kr),
which is considered changes in form or condition as length increases and assesses an
individual’s divergence from the sample’s average weight for length. The condition
factor for all species was found to be high, except for P. parva (Table 5). This shows
that the studied exotic species have been established successfully, i.e., they are in
good condition in the new habitats.
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Figure 1

Box Plot of (A) Allometric Co-Efficient b Values, (b) Fulton’s Condition Factor
(Kr) for 29 Population Belongs to Eight Exotic Fish Species from Tiirkiye
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Table 5

Fulton’s Condition Factor (Kr) for Eight Exotic Fish Species from Tiirkiye

Species Range Mean  SD
Oreochromis niloticus (n: 1) 1,52
Coptodon zilli (n: 1) 1,78
Carassius auratus (n: 3) 1.33-1.53 143 0,12
Carassius gibelio (n: 9) 1.48-1.76 1,63 0,09
Pseudoraspora parva (n: 4) 0,88-1,05 0,96 0,08
Gambusia holbrooki (n: 2) 1.26-1.31 1,29 0,04
Lepomis gibbosus (n: 2) 1.65-2.00 1,83 0,25
Oncorhynchus mykiss (n: 7) 1.06-1.45 1,25 0,14

Note. SD: standard deviation; n: number of population

As an example, we compared the condition factor of C. gibelio with other
coexisting indigenous species in Cildir Lake (Table 6) to observe their competition
with indigenous fishes of this lake. Based on our findings, the highest Kr value was
calculated as 1.76 for C. gibelio as well as C. carpio. There was a strong positive
relationship between Fulton’s and the mean condition factors. Froese (2006) and
Clark (1928) showed that if b is not significantly different from 3, Kr can be
compared directly. Additionally, to make such comparisons easier, Le Cren (1951)
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proposed the relative condition factor (Kr). The values of Kr were generally close to
1, showing an overall state of well-being for the studied species. However, the Kr
value of C. gibelio is significantly higher than that of other species. Therefore, it can
be argued that the condition of the natural species is negatively affected by the
occurrence of C. gibelio. Indeed, with the introduction of C. gibelio to lake Cildur,
the catch composition changed by increasing the catch value of C. gibelio and
declining those indigenous species sharply (A. Agbulak, personal communication,
August 13, 2014).

Table 6

Condition Factor and Form Factor Values for Sampled Species in Lake Cildwr

Species (6] K Ky Kr Form Factor
Range Mean Range Mean Range Mean
Acanthobrama microlepis N 0.58-1.11 0.80£0.09  0.73-0.85 0.80£0.03  0.74-1.41 1.00+0.10 0.0084
Alburnoides eichwaldii N 0.63-1.34 0.96£0.14  0.65-1.16 0.95£0.08  0.79-1.44 1.01+0.12 0.0152
Alburnus filippii N 0.65-0.92 0.77£0.07  0.72-0.85 0.77£0.03  0.83-1.18 1.00+0.09 0.0087
Capoeta capoeta N 0.63-1.58 0.91£0.13  0.80-1.02 0.90£0.04  0.69-1.60 1.01+0.14 0.0087
Luciobarbus mursa N 0.74-1.33 1.01+0.13  0.95-1.05 1.00+0.02  0.75-1.32 1.00+0.13 0.0103
Squalius turcicus N 0.79-1.44 1.11+0.11 0.98-1.21 1.09+0.05  0.71-1.24 1.01+0.09 0.0111
Cyprinus carpio T 0.94-2.48 1.76+0.34  1.56-2.02 1.73+0.09  0.57-1.49 1.02+0.20 0.0165
Carassius gibelio E 1.19-2.53 1.76+0.31 1.13-1.48 1.33+0.10  0.99-1.74 1.3240.15 0.0140
Pseudoraspora parva E 0.79-1.27 1.01£0.12  0.97-1.06 1.00£0.02  0.74-1.29 1.00+0.11 0.0088

Note. O: Occurrence; N: Natural; T: Translocated; E: Exotic; Kg: Fulton’s Condition Factor; Kg:

Relative Condition Factor; Ky: Mean Condition Factor

Therefore, the possible impacts of the introduced fishes on the native fish
biodiversity in Tiirkiye are yet unknown and further research is crucial.
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Extended Turkish Abstract
(Genisletilmis Tiirk¢e Ozet)

Tiirkiye’de Bulunan Sekiz Egzotik Bahk Tiiriiniin Boy-Agirhk iliskisi ve Kondisyon Faktorii

Bu ¢alisma egzotik balik tiirlerinin baz1 popiilasyon dinamigi parametrelerinin belirlenmesi
amactyla yapilmistir. Bu kapsamda 6rnekler 2014, 2015, 2017, 2018 ve 2019 yillarinda Tiirkiye’deki
10 farkli havzadan (Bat1 ve Dogu Akdeniz, Coruh, Seyhan, Aras, Asi, Dogu Karadeniz, Firat, Konya
ve Kuzey Ege) toplanmustir. Ornekler, Tarim ve Orman Bakanlig1 Su Yonetimi Genel Miidiirliigiiniin
finansal destegi ile gergeklestirilmis olan iki projenin (Project on Establishment of Ecological
Assessment System of Water Quality Specific for Tiirkiye” ve “Project on Establishment of Reference
Monitoring Network in Tiirkiye) alan ¢alismalari esnasinda toplanmistir.

Ornekleme ¢aligmalart akarsularda elektrosoker (SAMUS 1000) ile durgun su
ekosistemlerinde ise uzatma aglar1 (12 farkli g6z agikligina sahip) kullanilarak yapilmistir. Toplanan
ornekler %4’liik formaldehit soliisyonu igerisinde muhafaza edilerek laboratuvara taginmustir.
Laboratuvarda muhafaza edilen drnekler bir giin siire ile ¢esme suyu altinda tutulduktan sonra total
boy 0,1 cm ve total agirhk ise 0,01 g hassasiyetle belirlenmistir. Orneklemeler sonucunda
Oreochromis niloticus, Coptodon zillii, Carassius auratus, C. gibelio, Pseudorasbora parva,
Gambusia holbrooki, Lepomis gibbosus ve Oncorhynchus mykiss tiirlerinin bulundugu sekiz egzotik
balik tiiriine ait 29 populasyondan incelenen toplam 1958 adet birey i¢in boy-agirlik iliskileri (L-
WRs) ve kondisyon faktorii degerleri hesaplanmistir. Boy-agirlik iligkisi sabitlerinden b degerinin
2,732 (C. auratus) ile 3,319 (C. gibelio) arasinda degisim gosterdigi belirlenmis olup calisilan
populasyonlar i¢in ortalama ve ortanca degerler sirasiyla 3,013 ve 3,047 olarak hesaplanmustir.
Regresyon analizi sonucunda boy-agirlik degerleri arasinda yiiksek bir pozitif iligki belirlenmis olup
R? degeri 0,753 ile 0,998 arasinda bulunmustur. Fulton’un kondisyon faktorii degerinin 0,882 (P.
parva) ile 2,002 (L. gibbosus) arasinda degisim gdsterdigi belirlenmis ve ortalama ve ortanca degerler
sirastyla 1,397 ve 1,453 olarak hesaplanmistir. Fulton’un kondisyon faktorii degerleri ile ortalama ve
nispi kondisyon faktorii degerlerinin de benzer bir 6zellik sergiledigi goriilmiistiir. Hesaplanan
degerlere bakildiginda P. parva disinda diger tiim egzotik tiirlerin kondisyon degerlerinin olduk¢a
yiiksek oldugu ortaya ¢ikmaktadir.

Bunun yani sira Cildir Golii’'nde egzotik balik tiirleri ile birlikte yasadiklar: yerli tiirlerin
kondisyon faktorii degerleri karsilagtirilmistir. Karsilastirma sonucunda yerli tiirlere gore C.
gibelio’nun tiriiniin en yiiksek kondisyon faktorii degerine sahip oldugu belirlenmistir. Cildir
Goliinde tespit edilmis olan P. parva’nin kondisyon faktoriiniin ise bazi dogal tiirlerden yiiksek olsa
da genelde benzer oldugu goriilmiistiir. Bu durum yerli tiirlerin biiytimeleri tizerinde C. gibelio’nun
olumsuz etkilere sahip oldugunun isareti olarak degerlendirilebilir. Tiirkiye’de yerli balik gesitliligi
ile tanistirtlan yabanci tiirlerin etkileri hala bilinmemekte olup bu alanda ¢aligmalar yapilmasi kritik
Onem tagimaktadir.




