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ABSTRACT 

	[bookmark: _Hlk220497615]The Balkan golden loach (Sabanejewia balcanica) is an endemic fish of the Balkan Peninsula, whose habitats have been significantly disturbed by anthropogenic impact.	Comment by Debarghya Maji: The abstract should be defined with some basic points like: Aims, Study Design, Place and Duration of Study, Methodology, Results & Conclusion 

The general condition of the fish, as well as the changes that occur depending on the location and physiological cycles in the life of the fish, is best shown by the condition state, which is determined by the condition factor and analysis of length-mass growth. For the purposes of this research, 98 individuals of the studied species were collected, caught from eight rivers in the northern part of BiH.	Comment by Debarghya Maji: Brief this abbreviation

In all analyzed populations, the Fulton condition factor was less than 1 (K<1) and the regression factor was less than 3 (b<3). The established differences in the growth of length and mass of the analyzed species can be attributed to different environmental conditions, and in addition, the differences may also depend on the homogeneity of age classes.



Keywords: condition factor, Balkan golden loach, habitat, length, mass.	Comment by Debarghya Maji: Should be capital 	Comment by Debarghya Maji: The author should also mentioned the location from where they worked 


1. INTRODUCTION 

Sabanejewia balcanica inhabits the upper or middle reaches of smaller rivers and streams, lives singly, is active at night, and during the day is buried in the sandy or gravelly bottom. It prefers shallow, clean, and clear water, the temperature of which can reach up to 20°C (Mrakovčić et al., 2006).

The Balkan golden loach is endemic to the Balkan Peninsula and according to Mrakovčić et al., (2006) this species inhabits eastern and southeastern Europe, from Bosnia and Herzegovina, Croatia and Romania to Poland, Ukraine and Russia. Kottelat & Freyhof (2007) state that this species has a distribution in the tributaries of the Danube and Aegean basins.

According to the project for the development of a red list of endangered plants, animals and fungi in the Federation of Bosnia and Herzegovina, in the part relating to the red list of fauna, it was concluded that Sabanejewia balcanica is a vulnerable species (VU), but that there is not enough data on the population characteristics of this species to determine the exact level of its vulnerability.

In the Red Book of Freshwater Fishes of Croatia (Mrakovčić et al., 2006), it is stated that the Balkan golden loach is a sensitive species and that it is internationally protected by the Bern Convention and the European Directive on habitat protection. However, in Slovenia it is classified as an endangered species (Povž et al., 2015).
Witkowski et al. (2009) indicated the degree of endangerment of fish in Poland, according to which this species was classified as endangered in 1999, while since 2009 this species has been treated as sensitive and protected.
In Slovakia, it is protected by national laws (Koščo et al., 2008) and has the status of an endangered species in the Red List of this country (Hensel, Mužík, 2001). This species has the same status in the waters of the Czech Republic (Lusk et al., 2004).
River damming, dam construction, water pollution and eutrophication, as well as the hardness and graveliness of the river bottom, have a major impact on Sabanejewia balcanica populations, which results in changes in the water regime, movement speed, and physical and chemical factors of water, which directly affects the state of the Balkan golden loach populations (Bajrić et al., 2020).
The general condition of the fish, as well as the changes that occur depending on the location and physiological cycles in the life of the fish, is best shown by the condition factor.

2. material and methods	Comment by Debarghya Maji: Here in this section, the author should focus more seriously. Have to include how samples were collected, latitude and longitude details from the location of the survey, and the collection procedure of the samples is most important and also the habitat ecology little has to be added.

For the purposes of this research, 98 individuals of the investigated species were collected, caught from 8 rivers in the northern part of BiH: Turija (L1), Gostelja (L2), Oskova (L3), Brka (L4), Suturlija (L5), Suha (L6), Tinja (L7) and Trebačka (L8) (Figure 1). 

The individuals were caught with the consent and permit of the competent ministry and were carried out using electrofishing. Laboratory processing was carried out in the Zoology Laboratory of the Department of Biology, Faculty of Science and Mathematics in Tuzla, and determination was carried out using the determination key (Kottelat, Freyhof, 2007).
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Figure 1. Investigated localities	Comment by Debarghya Maji: Should be Fig.1.
Analysis of length and mass growth was performed based on measured lengths (L) and masses (W) of individuals from the analyzed localities. The allometric length-mass relationship was determined for each analyzed locality according to the exponential function:
W=a Lb	Comment by Debarghya Maji: The mathematical expression of each parameter should be clarified.
In the transformed logarithmic form, this relationship has the form: 
logW=log a + b log L
The correlation coefficient (r) was calculated according to the formula:

r= 	Comment by Debarghya Maji: All parameters should be clarified
where x is the total body length, y is the body mass, N is the total number of individuals, Sx and Sy are the standard deviations of the given traits. From this relationship, the values ​​of the allometry factor b and the constant a were calculated.
                            
a= 
Fulton's condition factor is calculated according to the formula:
K = W L-3 100

3. results and discussion
The general condition of fish, as well as changes that occur depending on the location and physiological cycles in the life of fish, is shown by the condition factor. We analyzed this relationship according to Fulton and it expresses the mass of the fish in the cube of its length. The values ​​of the condition factor of the analyzed individuals from the included localities are presented in Table 1.
Table 1. Values ​​of Fulton's condition factor (K) at the studied localities	Comment by Debarghya Maji: It should be Kn
	Locality:
	
W ()	Comment by Debarghya Maji: Please defined the all the mathematical expressions in words below the Table 1
	
L ()
	L3
	W/L3
	K

	L1
	1.30
	7.40
	405.224
	0.003208
	0.320810

	L2
	1.65
	7.41
	406.869
	0.004055
	0.405536

	L3
	1.36
	7.06
	351.896
	0.003865
	0.386478

	L4
	0.93
	5.81
	196.123
	0.004742
	0.474192

	L5
	0.87
	5.39
	156.591
	0.005556
	0.555588

	L6
	1.13
	7.41
	406.869
	0.002777
	0.277731

	L7
	1.00
	7.15
	365.526
	0.002736
	0.273578

	L8
	0.85
	6.67
	296.741
	0.002864
	0.286445	Comment by Debarghya Maji: The authors should recheck k value.


The condition factor had a value less than 1 at all locations. The highest values ​​of this factor were recorded in individuals from the Suturlija River (L5), while the lowest values ​​of this factor were determined in individuals from the Tinja River (L7). 
Observing the values ​​of the condition factor of all analyzed individuals and its distribution in relation to body length, we can say that its decrease is pronounced with increasing body length (Figure 2).


Figure 2. The relationship between condition factors and total length of the analyzed individuals	Comment by Debarghya Maji: Should be Fig.2.
Analyzing the relationship between mass and total body length, it was determined that the mass of the fish follows the growth of body length (Figure 3), and that this is a negative allometric growth determined based on the regression factor b. Individuals of this species have a faster growth in length compared to the growth of their body mass (b<3) (Table 2).


Figure 3. Relationship between length and body mass of individuals from the researched area	Comment by Debarghya Maji: Should be Fig.3.

Table 2. Values ​​of regression analysis parameters (correlation coefficient r, regression factor b, coefficient a)
	Locality:
	r
	b
	a

	L1
	0.67
	0.37
	-1.48

	L2
	0.77
	0.92
	-5.18

	L3
	2.14
	1.60
	-9.93

	L4
	0.92
	0.38
	-1.29

	L5
	0.88
	0.46
	-1.63

	L6
	0.77
	0.77
	-4.59

	L7
	0.54
	0.21
	-0.55



Data on the condition of the Balkan golden loach are very scarce. It is known that Dorel et al. (2012) analyzed length-mass relationships and Fulton's condition factor in nine fish species from the Casin River and its tributaries. The mentioned authors stated that among the nine species analyzed, Sabanejewia balcanica has the lowest value of the condition factor of 0.126. 

Literature data indicate that the condition factor of species from the Cobitidae family is less than 1. Thus, Tutman et al. (2006) determined that this ratio in the species Cobitis narentana from Hutovo Blato has a value of 0.59, while Zanella et al. (2003) found a condition factor of 0.58 to 0.61 for the same species from the Neretva River in Croatia, with the conclusion that it is higher in female individuals. Treer et al. (2009) studied the condition and their relationship in 43 species of freshwater fish in Croatia, where the condition factor of Cobitis elongatoides species, whose mean value is 0.58, was presented from members of the Cobitidae family.	Comment by Debarghya Maji: Author name should be written
 
Simonović (2010) reports that in the length-weight ratio of fish, the value of the allometric coefficient (b=3) indicates isometric growth. If this coefficient is less than 3 (b<3), it is a negative allometric growth and vice versa, if it is greater than 3 (b>3), it is a positive allometric growth. Zanella et al. (2008) indicated positive allometric growth of individuals of the Balkan golden loach from Rijeka in Croatia. The regression factor b in this work was greater than 3. Positive allometric growth of this species was also recorded in individuals from the Casin River and its tributaries in Romania, where extremely high values ​​of the regression factor b were found (Dorel et al., 2012).

These differences in the growth of length and mass of the analyzed species can be attributed to different environmental conditions such as different types of nutrition, temperature, but also chemical indicators of water. In addition, the differences may also depend on the homogeneity of age classes, since it is a well-known fact that younger individuals grow faster in length.

4. Conclusion

In all analyzed populations, Fulton's condition factor was less than 1 (K<1) and the regression factor was less than 3 (b<3). By analyzing the ratio of length to body mass of the studied individuals, we can conclude that as their length increases, their mass also increases, but that their growth is not isometric but negative allometric, based on which it can be concluded that the individuals are "undernourished", i.e. that the growth of their length does not follow the growth of mass. This relationship can be determined by various ecological or genetic factors and the age structure of the fish. 	Comment by Debarghya Maji: The conclusion part should be more detailed than the present writing and have to be more clear
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