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In this paper we analyzed the morphometric parameters of the repair broodstock brook trout (Salmo trutta m. Fario L.) under industrial conditions. Most of the analyzed features were characterized by a relatively low degree of variability – the coefficient of variation ranged from 3.8 to 13.1 %.

The fish significantly increased body weight, while the proportions of the body, in general, were characteristic of the brook trout-natural watercourses. In this case, the cultured fish decreased the horizontal diameter of the eye, and the length of the snout increased, which was the result of adaptive changes in the specific conditions of growing in the basins. The carried out investigations showed no negative changes in the exterrug trout.
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Formulation of the problem. In recent years, particularly low numbers and biomass of brook trout in the Carpathian region rivers have been noted. Compared with literary data, the strength of these valuable fish decreased to 15 thing per km, or 1.4 kg/km [1]. Today brook trout is absent or represented by the same year and two-year-olds in single specimens in most rivers, in which brook trout was the basis of the ichthyocomplex.

Thus, nowadays, in conditions of a sharp decrease in the number and deterioration of the structural indices of the reproductive nucleus, natural reproduction is not able to provide a normal replenishment of the population of this species. Consequently, the only and effective method of valuable fish restoring in natural waters, in general, and brook trout in the mountain rivers, in particular, is their artificial reproduction, the main link of which is the formation of a repair broodstock with high fishery and biological indicators.

In practice of fisheries, the issue of sexually identification of brook trout is often raised, so studies were conducted to determine the differences between male and female of brook trout.

A morphometric analysis is one of the indicative methods that allows determining the impact of the environment on individuals and the level of their adaptive ability, to identify interpopulation characteristics in a geographic or hydrological isolation and to evaluate the effects of possible inbreeding (which is very important for a small number of the broodstock) [2].

Analysis of basic research and publications, which initiated a solution of the problem. The brook  trout, which was an usual form in the mountain rivers, has become rare for the Carpathian region since the second half of the twentieth century.

Thus, by 1940, one kilometer of trout areas in the Carpathian rivers gave 60–310 individuals of trout with an average weight of 350 grams, which was 21–110 kg/km or 20–150 kg/ha. Accordingly, the total industrial productivity of trout areas in the region amounted to 1360 c/year [3]. In the fourth year of life, the brook  trout reached 25–30 cm and 270–320 g. Individual species of brook  trout of 8–10 years old reached 70 cm and 2.8 kg in some large reservoirs (the Tisza river near the Rakhiv, Prut river near Lanchyna village).
At that time, factory reproduction had little impact on trout stocks and numbers, as the industrial return from it was no more than 1 %, that is, the existing number of sexually mature fish in the rivers maintained stable high rates of fish productivity [4].

According to recent studies of ichthyofauna in the rivers of Carpathian region, individuals of the brook  trout aged over three years old and with body weight more than 157 grams haven’t met. 
Increased human impact contributed to the decrease in the number, which was manifested in industrial and common  pollution of the rivers and predatory destruction of the young individuals [5].

The beginning of work on the recreation of brook trout in specialized trout farms of Ukraine is timely, but needs to be improved in accordance with modern technologies.

The purpose of the research is to determine and analyze the results of morphometric measurements and give the fishery and biological characteristics of the brook trout which grown by industrial technology, in the conditions of the trout farm «Ishkhan».

The task of the study is to determine and analyze the morphometric characteristics of the brook trout, to investigate the sex dimorphism in the industrial conditions of the trout farm «Ishkhan».

Materials and methods of research. The research was conducted on the basis of the farm «Ishkhan», which is located in the village Banyliv, Vyzhnytsya area, Chernivtsi region. The total water flow of the farm is 50 l/s. The source of water supply is surface sources of water that provide a relatively constant temperature regime (in winter, the temperature of the water didn’t decrease below 5 ºС and in the summer didn’t grow above 17 ºС) [6]. According to A. Aliokin's  classification, the water of the farm belongs to the hydrocarbon class, group of calcium [7].
According to the technical characteristics, this farm belongs to a full-system farm of the basin type. The growing and maintenance was carried out in concrete pools using the back supply water system according to generally recognized methods in fisheries technique [8].

In 2015, 50 samples three years old (25 females and 25 males) were processed and analyzed. Electronic weights were used for weighing of fish with an accuracy of 0.001 g. The plastic measurements were made using a caliper and a measuring tape.

In order to avoid traumatising during weighing and measuring morphometric indices, the fish under investigation were pre-anesthetized with the preparation «Propyscine» of Polish production at a concentration of 5 ml per 10 liters of water.

Morphometric measurements of fish were carried out according to the method of I. F. Pravdin [9]. We investigated 27 plastic features that are most often used in biological and systematic analysis.

The following metric indicators were used for the analysis:

Ac – the length by Smith,

ad – the length without C,
od – the length of the body,

an – the length of the snake,
np – the diameter of the eye,
aa5 – the length of the middle part of the head,

ao – the length of the head,
po – the postorbital part,
lm – the head height behind the back of the head,
aa6 – the length of upper jaw bone,

k1l1 – the length of the lower jaw,

qh – the highest body height,

aq – the antidorsal distance,

rd – the postdorsal distance,
az – the antiventral distance,
ay – the antianal distance,
fd – the length of the tail,

qs – the length of the base D,

tu – the highest altitude D,
ee1 – the length of the base A,

ej – the highest altitude A,
zz1 – the length V,

vz – the distance between P and V,

zy – the distance between V and A.

The feeding of fish was carried out with specialized artificial feed for rainbow trout. Calculations for the required amount of feed were carried out in accordance with the tables of diets, which take into account the individual fish weight and the temperature of the environment at the time of feeding.

Comparison of the samples and the mean values ​​were based on the t-criterion of the Student. Statistical processing of the material was conducted in Microsoft Office Excel [10, 11]. An analysis of the values ​​of plastic features is performed in the system of absolute values. The criteria for the analysis of the indicators were their mean and average deviation (M ± m), error (σ), variability (Cv).

Research  results. The average weight of females was 453.7 g, the boundaries of oscillation were 200–824 g. The average body length (according to Smith) is 34.0 cm; the limits of vibration 27.0–41.0 ​​cm (see table).

The average weight of males was slightly higher than the average weight of females and amounted  458.7 g, the boundaries of fluctuations were also wide  – 160–746 g, the length of the male body was 34.3 cm with a range of oscillations 24.5–41.0 cm (see table).
The variability of the body weight was 30.8 and 29.3 % respectively.

During the spawning period, sexual dimorphism of the sexually mature specimens of the brook trout was manifested in the differences in the length of various parts of the head (see table). Brook trout male was characterized by a larger size of the margin, upper and lower jaw bones, forming a percentage of body length of 8.3; 13.7 and 16.0 % compared 6.4; 10.9 and 12.2 % for females.

As a result, the length of the male head was significantly (t-criterion, p <0.05) higher than female (23.7 and 19.7 % respectively).

The symptom of sexual dimorphism was also a greater distance between V and A for females (20.3 % of body length in females versus 18.1 % in males) and the highest body thickness (53.8 % of body length in females versus 50.4 % in males), which is related to the formation of sex products in females. On other grounds, differences between the sexes were not significant. It opens up the opportunity for us to identify sexually of brook trout in industrial conditions.

Comparison of the results of the morphological analysis of individuals grown in the conditions of industrial aquaculture, with the literature data on the exterior of individuals from natural watercourses [12], revealed slight differences in the values ​​of measurements of plastic features. The brook trout grown in the basins under limited mobility due to the high density and the lack of the need for a long search for food has a smaller relative length of pair swimmers, especially the breast – from 16 % concerning the wild fish body length to 12.6 % concerning the brook trout cultivated in the pools.
Morphometric characteristics of three-year-old brook trout, «Ishkhan» Farm  (n=50)
	Indexes
	Female  (n=25)
	Male (n=25)
	tct
	Both sexes (n=50)

	
	M±m
	σ
	CV
	M±m
	σ
	CV
	
	M±m
	σ
	CV

	aс
	34.5±0.6
	3.0
	8.7
	34.5±0.8
	3.3
	9.7
	
	34.5±0.4
	3.1
	9.0

	Length of the Body (by Smith), %

	ad
	92.9±1.1
	5.2
	5.6
	91.5±0.2
	1.2
	1.3
	1.3
	92.2±0.5
	3.8
	4.1

	od
	72.5±0.8
	3.8
	5.2
	69.0±0.5
	2.5
	3.7
	3.0
	70.8±0.5
	3.6
	5.1

	an
	6.3±0.2
	0.7
	11.8
	8.2±0.1
	0.6
	7.8
	4.7
	7.2±0.2
	1.2
	16.4

	np
	3.7±0.1
	0.4
	10.5
	3.7±0.1
	0.3
	9.1
	0.1
	3.7±0.1
	0.4
	9.6

	aa5
	15.1±0.4
	2.0
	13.0
	18.3±0.2
	0.8
	4.5
	4.3
	16.7±0.3
	2.2
	13.1

	ao
	20.3±0.2
	1.2
	5.6
	23.6±0.2
	0.9
	3.8
	6.1
	21.9±0.3
	1.9
	8.7

	po
	11.6±0.1
	0.7
	5.7
	12.8±0.2
	0.8
	6.2
	3.0
	12.2±0.1
	0.9
	7.6

	lm
	11.5±0.3
	1.2
	10.6
	12.7±0.1
	0.7
	5.8
	2.2
	12.1±0.2
	1.2
	9.6

	aa6
	10.7±0.2
	0.8
	7.5
	13.7±0.2
	0.8
	6.2
	6.9
	12.2±0.2
	1.7
	14.0

	k1l1
	12.1±0.2
	0.8
	6.4
	16.0±0.2
	0.8
	5.2
	9.0
	14.0±0.3
	2.1
	14.8

	qh
	22.7±0.4
	1.9
	8.3
	21.7±0.2
	1.0
	4.7
	1.5
	22.2±0.2
	1.6
	7.1

	aq
	8.8±0.2
	0.8
	9.4
	9.9±0.2
	0.8
	8.5
	2.6
	9.3±0.1
	1.0
	10.8

	rd
	40.9±0.5
	2.3
	5.5
	43.0±0.3
	1.4
	3.4
	2.7
	41.9±0.3
	2.1
	5.1

	az
	40.4±0.6
	2.7
	6.7
	39.4±0.3
	1.4
	3.6
	1.2
	39.9±0.3
	2.2
	5.5

	ay
	49.2±0.5
	2.6
	5.2
	50.3±0.5
	2.3
	4.6
	1.3
	49.7±0.4
	2.5
	5.0

	fd
	70.2±0.7
	3.4
	4.7
	69.9±0.4
	1.8
	2.6
	0.3
	70.0±0.4
	2.7
	3.8

	qs
	17.0±0.4
	2.0
	11.8
	16.9±0.3
	1.5
	8.8
	0.1
	16.9±0.2
	1.7
	10.2

	tu
	10.8±0.2
	1.1
	9.9
	11.3±0.1
	0.5
	4.5
	1.0
	11.0±0.1
	0.9
	7.8

	ee1
	9.5±0.2
	0.9
	9.1
	9.4±0.2
	1.0
	10.8
	0.3
	9.4±0.1
	0.9
	10.0

	ej
	11.1±0.3
	1.2
	9.5
	11.4±0.2
	0.8
	7.3
	0.6
	11.2±0.1
	1.1
	9.3

	zz1
	9.4±0.2
	1.0
	11.1
	10.9±0.2
	0.8
	7.2
	3.0
	10.1±0.2
	1.1
	11.0

	vz
	29.6±0.4
	2.0
	6.6
	27.8±0.3
	1.4
	5.0
	2.4
	28.7±0.3
	1.9
	6.6

	zy
	20.1±0.3
	1.5
	7.4
	18.2±0.2
	1.0
	1.3
	3.0
	19.1±0.5
	1.5
	8.1

	Head Length, %

	an
	30.9±0.7
	3.6
	11.7
	34.9±0.5
	2.6
	7.6
	2.9
	32.9±0.5
	3.7
	11.2

	np
	18.1±0.3
	1.6
	9.0
	15.8±0.3
	1.4
	9.3
	3.3
	16.9±0.3
	1.9
	11.3

	aa5
	74.2±0.3
	8.5
	11.4
	77.7±0.7
	3.8
	4.9
	2.0
	75.9±0.9
	6.7
	8.7

	po
	57.2±1.1
	1.9
	3.35
	54.3±0.7
	3.6
	6.6
	4.4
	55.7±0.4
	3.2
	5.6

	lm
	56.7±0.7
	5.4
	9.5
	54.1±0.7
	3.8
	7.1
	2.9
	55.4±0.7
	4.8
	8.6

	aa6
	52.7±1.
	3.5
	6.6
	58.2±0.7
	3.4
	6.0
	3.5
	55.4±0.6
	4.4
	7.9

	k1l1
	59.7±0.8
	4.0
	6.7
	67.7±0.8
	4.0
	6.0
	3.5
	63.7±0.8
	5.6
	8.8


There is also a decrease in the horizontal diameter of the eye (17 % of head length versus 20.4 % of fish from natural watercourses). It may be due to the fact that fish in pools are constantly in well-lit conditions. While in the wild, the brook trout prefers shaded places. In addition, in the pools fish lost the reflex of food search because the food is fed regularly and only during the daytime.

There are insignificant differences in the values ​​of plastic measurements obtained by us and 
L. Opalatenko  [13]. The fish grown under industrial conditions increased the length of the swallow and (as a consequence) the length of the upper and lower jaw bones which comprised 34.1, 56.4 and 64.3 % compared to 27.0, 53.9 and 59.7 % respectively. It indicates a competitive relationship during fish feeding – stronger  individuals with developed jaws capture more feed. Also the body height (the largest and the smallest) increased – 22.5 % and 10.0 % compared to 18.6 % and 8.1 %.
The brook trout grown on feeding artificial fodder had a much higher mass. For example, the brook trout caught in the river Irshava at the age of 3–4 years old had an average weight of 135.1 g with fluctuations of 53–279 g [14]. But in our experiment, the three-year-olds fish had a maximum mass of 824 g (average mass is 455 g) which was 3.3 times higher.

Conclusion. The analysis of morphometric data of the brook trout grown under industrial conditions has shown that fish significantly increased body weight and body proportions. However, cultivated fish had less horizontal diameter of the eye and large length of the swallow which was the result of adaptive changes to the specific conditions of cultivation in the pools. The result of the conducted researches has shown absence of negative changes of brook trout exteriors as the object of commercial cultivation.
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