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Purpose. To study qualitative and qualitative indices of macrozoobenthos as one of main
components of the forage base of benthophagous fishes in mountain river reaches of the
Transcarpathian region and determination of their saprobity level.

Methodology. Thhj,9.e study was carried out in summer period of 2009 in mountain river reaches
of the Tisa river catchment. Zoobenthos samples were collected by a Surber sampler (25 x 25 cm) on the
bottoms of different fractions with different water flow rate (riffle, run, pool). Collection, processing and
interpretation of the obtained data was carried out according to generally accepted hydrobiological
methods developed for mountain river studies. Saprobity was of the studied rivers was calculated by
Pantle-Buck formula. The Zelinka-Marvan saprobity index was used for calculations.

Findings. Qualitative and quantitative macrozoobenthos indices have been studied. The number of
zoobenthos on the investigated river sections ranged from 416 to 7712 ind./m* with biomasses from
2.96 to 83.84 g/m’. The major portion of the zoobenthic biomass in the majority of rivers was due to
caddis fly larvae composing up to 93% of the total biomass. An important role in the total biomass of the
zoobenthos also belonged to mayfly (up to 53%) and stonefly (up to 55%) larvae and in lower degree
amphipods (up to 39%), chironomid larvae (up to 14%) and aquatic coleopterans (up to 5%). According
to the calculated potential fish productivity, the mountain rivers can be apparently separated into three
groups: little productive (4.2-12.7 kg/ha), medium productive (13.2-21.6 kg/ha) and high productive
(25.3-85.3 kg/ha). Mountain river reaches of the Transcarpathian region were found to belong to pure
Xx-saprobic, and o- i 8-mesosaprobic zones, the saprobity index in which ranged from 0.35 (Rika river) to
1.7 (Shipot river).

Originality. For further calculation and assessment of brown trout and European grayling stocking
amounts for mountain reaches of the Tisa River basin, we investigated qualitative and quantitative
indices of macrozoobenthos as one of major components of the forage base for benthophagous fishes
and calculated their potential fish productivity.

Practical value. Data on macrozoobenthos biomass and saprobity of mountain river reaches can
be used for calculation and assessment of the possibility of stocking the studied river with juvenile brown
trout and European grayling as well as for calculation of possible damages resulting from construction of
small HPP (a tendency for construction of which on the Transcarpathian rivers lately becomes more
significant).

Keywords: Tisa river catchment, mountain rivers, macrozoobenthos, saprobity, potential fish
productivity.

PROBLEM STATEMENT AND ANALYSIS OF LAST ACHIEVEMENTS
AND PUBLICATIONS

Rivers of the Carpathian region are a unique natural complex with significant
species diversity inhabited by more than 61 fish and lamprey species and subspecies

[1].

The specificity of abiotic conditions of their existence, in particular high dynamics
of the water flow of mountain rivers, defines the biological diversity of aquatic
invertebrates as well as the ichthyocomplex of these rivers, which is formed of species
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adapted for inhabiting such environmental conditions. The majority of the
ichthycomplex of mountain rivers is formed of fish species, the diet of which is
dominated by macrozoobenthos (minnow, silver bream, Prussian carp, dace) and their
percentage is from 77 to 100% of the total number of fishes in the river, of which pure
benthophages are from 62 to 80% [2].

One of main natural factors, which define fish productivity of rivers, is the level of
the development of their food resources, which in mountain rivers are mainly based on
zoobenthic communities [3]. It is not possible to evaluate the productive potentials of
the rivers without thorough study of their food resources.

A number of scientists investigated the state of the biota of Transcarpathian rivers
in 1940-60s [3, 4]. During the last period, rivers of the Transcarpathian region were
studied for the structure of their biotic communities [5—8], changes of their species
composition and structure and quantitative indices depending on the altitude [9]. Some
works were devoted to the study of biota structure in river systems, which can be used
as indices of their ecological state [10, 11], et al.

HIGHLIGHT OF THE EARLIER UNRESOLVED PARTS OF THE GENERAL
PROBLEM. AIM OF THE STUDY

Among current literature data, there is little information on biomasses of
macrozoobenthic communities of the Tisa River basin, the use of which would allow
performing calculations on the amounts of brown trout and European grayling juveniles
to be stocked in these rivers.

The aim of this work was to investigate qualitative and quantitative parameters of
macrozoobenthos as one of the main component of the food base of benthophagous fish
in mountain reaches of Transcarpathian rivers suitable for European grayling and brown
trout and to evaluate their potential fish productivity for calculating stocking amounts of
these species as well as to assess the ecological state of the investigated rivers based on
the indicator species of saprobity.

MATERIALS AND METHODS

The studies were carried out in summer period (August) of 2009. Mountain reaches
of following rivers of the Tisa River basin have been sampled: Tisa, Chorna Tisa, Bila
Tisa, Tereblya, Lyutyanka, Teresva, Shypit, Goverla, Borzhava, Pynya, Brusturyanka,
Shopurka, Irshava, Mokryanka, Krasna, Rika, Vycha, Turbat, Uzh, Osa, Mala Ugol’ka,
Stuzhanka.

Collection, processing, and interpretation of the obtained data were performed
according to generally accepted hydrobiological methods developed for mountain rivers
[12-14].

Zoobenthos samples were collected with a Surber sampler (25 x 25 cm) [15].
Samples were taken on bottoms of different fractions with different current velocities
(riffle, run, pool). On river reaches covered with large stones, sampling was done on a
certain area, which was determined with the aid of a tape measure, by removing the
stones from water and collecting the benthic organisms with a forceps [15].

Collected benthic organisms were preserved in a 4% formalin solution. Qualitative
and quantitative assessment of macrozoobenthos was carried out according to generally
accepted hydrobiological method [16].
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Saprobity of the studied rivers was calculated by Pantle-Buck formula modified by
Sladecek [17]:

S (siby)
iml

Saprobity index & =

1=}

i-l
where: s; — saprobic valency of species, h; — frequency of occurrence of each
species.

The saprobity index of M. Zelinka and P. Marvan [18] was used for calculations,
indicator importance s and saprobity zone were determined for each species based on
the CMEA list of saprobic organisms [19].

STUDY RESULTS AND THEIR DISCUSSION

The taxonomic diversity of benthic communities of the Tisa River basin in August
was composed of 4 types, 9 orders, 42 families, and 60 genera. The most important in
the benthos of the investigated streams were insects, which were represented by 6
orders and 31 genera. Trichoptera and Ephemeroptera larvae were characterized by the
highest diversity of genera: 16 and 14, respectively.

The investigated rivers were characterized by high diversity of dominating
systematic groups of macrozoobenthos. The abundance of macrozoobenthic organisms
in the rivers significantly fluctuated from 416 ind./m* to 7712 ind./m*. Chironomidae
larvae dominated in the rivers Pynya, Teresva, Lyutyanka, Shypit (31-58% in
abundance); Ephemeroptera larvae dominated in the rivers Tisa (near Vilok), Irshava,
Shopurka, Chorna Tisa, Bila Tisa, Goverla, Borzhava (23-62%); Trichoptera larvae
dominated in the rivers Tisa (near Solotvino), Rika, Turbat, Brusturyanka, Krasna,
Mokryanka (39-59%); Amphipoda dominated in the rivers (Vicha, Osa, Stuzhanka, and
Mala Ugol’ka (41-52%); and Plecoptera larvae were the dominating species in the
Tereblya River (44%).

Biomass indices of «soft» macrozoobenthos (Table 1) of the investigated rivers
were in a wide range and rivers can be conventionally divided into three groups
according to the level of biomass development during the sampling period: little
productive with biomasses 2.96-9.50 g/m’ (Tereblya, Lyutyanka, Teresva, Tisa near
Vilok, Chorna Tisa, Shypit), medium productive — 10.22—-17.58 g/m2 (Goverla, Bila
Tisa, Borzhava, Pynya, Brusturyanka, Shopurka, Irshava, Mokryanka, Krasna, Rika),
and highly productive — 19.47-83.84 g/m” (Vycha, Turbat, Tisa near Solotvyno, Uzh,
Osa, Mala Ugol’ka, Stuzhanka).

The majority of macrozoobenthos biomass in the majority of the investigated rivers
(Lyutyanka, Teresva, Chorna Tisa, Pynya, Shopurka, Mokryanka, Krasna, Rika, Vycha,
Turbat, Uzh, Osa, Stuzhanka) was formed of Trichoptera larvae composing from 34%
to 94% of the total macrozoobenthos biomass.

Plecoptera larvae played significant role in macrozoobenthos biomass in the rivers
Lyutyanka, Shopurka, Krasna, Stuzhanka (20-32%); Ephemeroptera larvae in the rivers
Chorna Tisa, Teresva, Pynya, Vycha, Rika (18-40%); Amphipoda in the rivers Vycha
and Osa (33-35%).
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Diptera, Coleoptera, and Chironomidae larvae were insignificant in the total
biomass of the investigated rivers composing up to 10.0%, 0.3%, and 0.9%,
respectively.

Table 1a. Qualitative and quantitative indices of zoobenthos development in
summer period (August) in Transcarpathian rivers in 2009, ind./ m?

(g/m”)
Zoob Rivers
oobent- Vycha Tereb- Osa Pynya Teres- | Lyuty- Uzh Stuzha
hos group
lya va anka -nka
. - - - - - 72 24
I. Oligochaeta i i i i i i 0.108 0.096
o 16 - - - - - - -
Il. Hirudinea 148 ) ) ) ) ) ) )
IIl. Amphipoda 368 ) 136 -16_ ) ) 88 120
6.864 - 11.456 0.032 - - 2.080 1.968
320 576 1056 512 416 760 968 732
IV. Insecta: o
11.36 2.960 23.232 13.808 4.624 2.960 25.224 81.780
1.0donata - - - - - - - -
larvae - - - - - - - -
2.Ephemerop- 224 96 256 128 128 144 176 36
tera larvae 3.504 0.736 0.960 4.112 1.760 0.272 1.016 0.564
3.Plecoptera 16 256 48 - - 112 48 96
larvae 0.048 0.304 0.736 - - 0.904 1.792 2.712
4.Coleoptera - - 96 - - - - -
larvae - - 0.944 - - - - -
5.Trichoptera _64 - 224 32 128 80 432 456
larvae 7.600 - 20.400 9.296 2.320 1.080 22.208  78.060
6.Diptera 16 _80 - 48 32 64 8 96
larvae 0.208 1.776 - 0.064 0.464 0.496 0.016 0.396
7.Chironomi- - 144 432 304 128 360 304 48
dae larvae - 0.144 0.192 0.336 0.080 0.208 0.192 0.048
8. Coleoptera - - 16 - - - - -
imago - - 0.032 - - - - -
Total «soft» 704 576 1808 528 416 760 1128 1476
zoobenthos 19.47 2.960 34.720 13.840 4.624 2.960 27.412 83.844
Potential fish
productivity, 224 3.4 40.0 15.9 5.3 3.4 31.6 96.5
kg/ha

Trichoptera larvae in the majority of rivers (Uzh, Turbat, Mokryanka, Krasna,
Stuzhanka, Osa) were represented by Potamophylax Colen. (25-92% in biomass); in
Teresva, Lyutyanka, Rika — Hydropsyche pellucidula (33—74%); in Chorna Tisa —
Sericostoma personatum (31%), in Vycha — Odontocerum albicorne Scop. (37%), in
Pynya — family Phryganeidae (67%).

Zoobenthos biomass in the rivers Brusturyanka, Bila Tisa, Goverla was formed
mainly by Plecoptera larvae (39-55%) and in a lesser degree by Ephemeroptera larvae
(21-25%), while in Tisa near Vilok and in Borzhava by Ephemeroptera larvae (45 and
53%, respectively) and in a lesser degree by Plecoptera larvae (4 and 19%) and
Amphipoda (18 and 5%).

Indices of the development of Trichoptera larvae and Amphipoda (except Tisa and
Borzhava) biomasses were within 11-24% and 1-18%, respectively. Moreover, the
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macrozoobenthos of these rivers included insignificant biomasses of Coleoptera (up to
0.5%), Diptera (up to 12%), and Chironomidae (0.1-3.0%) larvae.

Table 1b. Qualitative and quantitative indices of zoobenthos development in
summer period (August) in Transcarpathian rivers in 2009, ind./ m?

(g/m’)
Rivers
Zoobenthos Tisa near Chorna Bila . . Mala
group Vilok | Solotvino Tisa Tisa Shypit | Irshava | Rika Ugol’ka
. - - - - 64 32 - 96
|- Oligochaeta - - - - 0032 008 - 0192
Il. Hirudinea ) ) ) ) ) ) ) )
. Amphipoda 144 16 16 100 320 256 - 3456
1.056 0.544 0.720 0.970 2.048 1.680 - 18.912
V. Insecta: 992 1088 704 460 4048 1776 2912 2896
4.672 26.432 8.560 9.34 7.424 13.488 17.584 26.816
- 32 - - - - - -
1.0donata larvae i 13,344 i i i i i i
2.Ephemerop- 512 144 320 170 576 784 1152 320
tera larvae 2.576 2.928 3.680 2.190 0.880 1.776 3.232 3.072
3.Plecoptera 112 160 144 70 672 160 400 272
larvae 0.208 3.168 0.672 5.71 0.688 5.056 1.040 14.864
4.Coleoptera - - - - 64 208 - 384
larvae - - - - 0.096 0.384 - 0.864
5.Trichoptera 256 656 112 40 688 160 1248 320
larvae 1.344 6.416 4.064 1.130 1.296 2.800 13.200 4.624
6.Diptera larvae —32_ 64 16 _170_ 368 416 ) 1440
0.496 0.480 0.064 0.290 3.120 3.440 - 3.264
7.Chironomidae 80 32 112 10 1680 48 112 160
larvae 0.048 0.096 0.080 0.02 1.344 0.032 0.112 0.128
8. Coleoptera - - - 20 - - - 1264
imago - - - 0.02 - - - 2.384
Total «soft» 1136 1104 720 580 4432 2064 2912 7712
zoobenthos 5.728 26.976 9.280 10.33 9.504 15.248 17.584 48.304
Potential fish
productivity, 6.6 31.0 10.7 11.9 10.9 18.0 20.2 55.6
kg/ha

Among Plecoptera, representatives of the genus Perla (36—50%) dominated in the
biomass (36-50%) in the rivers Brusturyanka, Bila Tisa, Goverla, while Ecdyonurus
(13-20%) were the most abundant among Ephemeroptera.

The majority of Ephemeroptera larvae in the rivers Tisa near Vilok and Borzhava
was formed by the genera Heptagenia (27-36%) and Ecdyonurus (2—15%), while
Plecoptera larvae were represented by Perla (18% in the Borzhava) and Perloides (4%
in the Tisa).

The majority of macrozoobenthos biomass in the Tereblya was formed by Diptera
(60%) Ephemeroptera (25%) larvae with domination of the genera Atherix (36%) and
Heptagenia (20%) and genus Limoniidae (24%); in the Irshava — Plecoptera (33%) and
Diptera (23%) with domination of the genera Perla (32%) and Atherix (22%); in the
Shypit — Diptera larvae (33%) and Amphipoda (22%) with domination of the genera
Atherix (15%), Eriocera (13%) and Gammarus sp.; in the Mala Ugol’ka — Amphipoda
(39%) and Plecoptera larvae (31%) with domination of Gammarus sp. and Perla sp.
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30%; in the Tisa near Solotvino — Odonata (50%) and Trichoptera (24%) larvae with
domination of Epitheca bimaculata (44%) and Hydropsyche pellucidula (23%).
Importance of other systematic groups of macrozoobenthos in the biomass of the
mentioned rivers was insignificant and did not exceed 18% of the total biomass.

Table Ic. Qualitative and quantitative indices of zoobenthos development in
summer period (August) in Transcarpathian rivers in 2009, ind./ m?

(g/m”)
Rivers
Zoobenthos Turbat | Brustu- | Krasna | Mokryanka | Shopurka | Goverla | Borzhava
group ryanka
) - - - - 48 - 16
I. Oligochaeta i i i i 0.24 i 0.064
IIl. Hirudinea i i i i i i i
ll. Amphipoda 32 32 32 _16_ 24 32 464
0.160 0.128 0.139 0.032 0.384 0.640 0.576
944 1408 1253 432 468 1552 1600
IV. Insecta:
22.768 14.352 17.157 16.096 13.836 9.424 11.744
1. Odonata - - - - - - -
larvae - - - - - - -
2.Ephemeroptera 320 656 544 160 144 608 1328
larvae 2.240 3.376 2.997 0.624 1.596 2.592 6.624
3. Plecoptera 160 128 139 80 108 304 144
larvae 1.504 7.456 5.472 0.320 3.024 4.032 2.304
4. Coleoptera 16 - 5.333 - 36 16 32
larvae 0.016 - 0.005 - 0.036 0.048 0.048
5. Trichoptera 368 560 496 192 120 176 64
larvae 18.720  2.704 8.043 15.152 9.000 1.264 2.688
6.Diptera 48 32 37 - 36 192 16
larvae 0.256 0.784 0.608 - 0.156 1.216 0.064
7. Chironomidae 32 32 32 - 24 256 16
larvae 0.032 0.032 0.032 - 0.024 0.272 0.016
8. Coleoptera - - - - 84 32 80
imago - - - - 0.624 0.16 0.096
Total «soft» 976 1440 1285 448 624 1616 2160
zoobenthos 22,928 14.480 17.296 16.128 15.084 10.224 12.480
Potential fish
productivity, 24.6 16.7 19.9 18.6 17.4 11.8 14.4
kg/ha

Oligochaeta were observed only in the rivers Shopurka, Borzhava, Shypit, Irshava,
Mala Ugol’ka, Uzh, Stuzhanka, and they were not important in abundance (0.7-7.7%)
and biomass (0.2—1.6%).

Based on the calculated potential fish productivity (Table 1), the investigated rivers
can be conventionally divided into three groups: little productive 4.2-12.7 kg/ha
(Tereblya, Lyutyanka, Teresva, Tisa near Vilok, Chorna Tisa, Shypit), medium
productive — 13.2-21.6 kg/ha (Goverla, Bila Tisa, Borzhava, Pynya, Brusturyanka,
Shopurka, Irshava, Mokryanka, Krasna, Rika), and highly productive — 25.3-85.3 kg/ha
(Vycha, Turbat, Tisa near Solotvino, Uzh, Osa, Mala Ugol’ka, Stuzhanka).

Based on the saprobity indices calculated using zoobenthos organisms, which are
indicators of pollution, almost all investigated rivers can be classified as clean
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o-saprobic (0.51-1.50). Saprobity indices ranged from 0.52 (Osa) to 1.3 (Tisa). Only
Shypit was classified as a y-saprobic river (the cleanest rivers 0-0.50), the saprobity
index of which was 0.35, while Rika was classified as a B-mesosaprobic river (1.51—
2.50) with the saprobity index of 1.7 (Table 2).

Table 2. Saprobity of the Transcarpathian rivers

Rivers Saprobity Saprobity Rivers Saprobity Saprobity
index zone index zone

Shypit 0.35 X Irshava 0.86 o
Tereblya 0.51 o Mokryanka 0.71 o
Lyutyanka 0.59 o Krasna 0.99 o]
Teresva 1.07 o Vycha 0.82 o
Chorna Tisa 1.07 o Turbat 0.95 o
Goverla 0.91 o Tisa 1.46 o
Bila Tisa 1.00 o Uzh 0.90 o
Borzhava 0.92 o Osa 0.52 o
Pynya 0.58 o Mala Ugol’ka 0.72 o
Brusturyanka 1.00 o Stuzhanka 0.75 o
Shopurka 0.88 o Rika 1.74 B

CONCLUSION AND PERSPECTIVES OF FURTHER DEVELOPMENT

Macrozoobenthos biomass in the investigated rivers ranged from 2.96 (Tereblya) to
83.34 g/m” (Stuzhanka). The majority of the macrozoobenthos biomass in the majority
of rivers was formed by Trichoptera larvae composing from 10% (Mala Ugol’ka) to
93% (Stuzhanka) of the total biomass. Somewhat less important in the total biomass
were Ephemeroptera (1-53%) and Plecoptera (0-55%) larvae, Amphipods (0-39%),
Chironomidae larvae (up to 14%); and very insignificant were Coleoptera larvae (up to
3%) and Coleoptera imago (up to 5%).

Based on macrozoobenthos biomass indices, the investigated rivers can be
conventionally divided into three groups: little productive with biomasses of
2.96-9.50 g/m” (Tereblya, Lyutyanka, Teresva, Tisa near Vilok, Chorna Tisa, Shypit),
medium productive — 10.22-17.58 g/m* (Goverla, Bila Tisa, Borzhava, Pynya,
Brusturyanka, Shopurka, Irshava, Mokryanka, Krasnaya, Rika), and highly productive —
19.47-83.84 g/m2 (Vycha, Turbat, Tisa near Solotvino, Uzh, Osa, Mala Ugol’ka,
Stuzhanka).

The potential fish productivity of benthophagous fishes in the investigated rivers
can be from 4.2 to 85.3 kg/ha.

The Transcarpathian rivers belong to clean y-saprobic, and o- and B-mesosaprobic
zones, the saprobity index of which ranges from 0.35 (Shypit) to 1.7 (Rika).

Taking into account that Transcarpathian rivers are unique natural complex with
significant species diversity, it is necessary to continue detailed studies of the structure
of their biotic communities that will allow assessing their potential and developing the
methods for their conservation and restoration.
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Lenb. U3yyumes KoaudecmeeHHble U Ka4ecmeeHHble MoKa3amesau MaKkpo3006eHmoca Kak
00HOU U3 OCHOBHbIX COCMABAAULUX KOpMosoli 6a3bl pblb-6eHMOopa208 20pPHLIX Y4ACMKO8 PEK
3akapnames u onpedesneHue yposHA ux canpobHocmu.

Memoouka. MUccnedosaHusa mnpogodunuce 8 saemHuli nepuod (aseycm) 2009 e. bbinu
uccnedoBaHsbl 20pHbLIE yvyacmku pek 6acceliHa Tucel. Ombop npob 3006eHmoca npoesodunu
npoboombopHukom muna Surber (25 x 25 cm). Om6op npob ocyu,ecmensanu HA No4Y8ax PasAUYHbIX
¢pakyul ¢ pasHoli cKopocmeto nomoka (nepekam, naec, Ama). Cbop, o06pabomky u
UHMepnpemayuto  Mosy4YeHHslx  OaHHbLIX  OCYyW,ecmenanu  Co2iaCHO  obwenpuHAmsiM 8
2Uu0pobuosozuu MemoouKam pPaspabomaHHbIM 075 UCC1e008aHUA 20pHbIX peK. CanpobHocme
UCCNe00BAHHbIX y4aCMKO8 peK paccyumeleadnu no ¢gopmyae P. MaHmae u . Bykka. [na pacdema
ucrnone3o8anu canpobHell uHoekc M. 3eauHka u . MapeaH.

Pe3ynemamel. V3yyeHbl KonuyecmeaeHHble U Ka4ecmeeHHble noKazamenu mMakpo3o0obeHmoca.
YucneHHocmMb €20 Ha UCC1e008aHHbIX Yy4ACMKAX pek Koaebanace om 416 do 7712 3K3./M2 npu
6uomacce om 2,96 0o 83,84 2/M2. OcHosy buomaccel makpo3oobeHmoca 8 60osbWUHCMEe peK
¢opmuposanu AuvuHKU py4veliHukos, cocmaensaas 0o 93% buomaccel. HeckonbkKo MeHee
3HAYUMesbHYH Posb 8 POPMUPOBAHUU BUOMACCHI MAKPO3006EeHMOCA PeK Uspanu AUYUHKU NOOEHOK
(0o 53%) u eecHAHOK (00 55%), 6okonnasbi (00 39%), AUYUHKU KOMAPOB-380HY08 (00 14%) u
He3HayumesbHyr — AUYUHKU HyKos (00 3%), a makxie 83pocsble 800sAHble HyKu (00 5%). CoenacHo
paccyumaHHol nomeHyuansbHol pel6ONPOOYKMUBHOCMU, UCCAE008AHHbLIE PEKU YCA0BHO MOMCHO
paszdeaums HA mpu epynnel: MaaonpodykmusHsle (4,2-12,7 Kz/2a), cpedHenpodyKmusHbie
(13,2-21,6 K2/2a) u ebicokonpodykmusHsie (25,3-85,3 k2/2a). OnpedesieHo, Ymo 20pHble y4acmKu peK
3akapnamesa omHOCAMCA K YUCMbIM X-CanpobHeiM, U o- u B-me30canpobHUM 30HAM, UHOEKC
canpobHocmu 8 Komopeix Konebaemcs om 0,35 (p. Puka) do 1,7 (p. LLunom).

Hay4Haa Hosu3Ha. C yenvto danbHeliwezo pacyema U OYyeHKU 06bemo8 3apbibaeHUs 20PHbIX
yyacmkos pek bacceliHa Tucbl Mo0a00bi0 pyvbesoli ¢openu u xapuyca UCCAe008aHbI
Kosu4YecmeeHHble U KayecmeeHHble roKazamenu Makpo3oobeHmoca Kak 00HOU U3 OCHOBHbIX
cocmaenAwux Kopmosoli 6a3bl  pblb-beHMogazo08 U  paccyumaHa Ux MOMEHYUAAbHAA
pbl60ONPOOyKMuUBHOCMb.

Mpakmuyeckasa 3Hayumocme. [laHHble no buomacce MakpozoobeHmoca u canpobHocmu
20PHbIX Y4aCMKO8 peK 0aiom 803MOXHOCMb OUeHUMb UX MOMEeHYUAAbHY pblbonpodyKmusHocme
u mo2ym 6bimb UCMO016308aHbI 01 pacdema U OUeHKU 803MOMCHOCMU 3apblbaeHus Uccnedo8aHHbIX
pek Mono0blo openu U xapuyca, o makwe 048 pacdema B03MOMHbIX ybbimKos om
cmpoumesnscmea masnvix MIC (meHOeHYuUA K cmpoumenbcmay Komopbix Ha peKkax 3aKaprnameos 8
nocnedHee spemsa npuobpemaem cyujecmeeHHblie Macuwmabbi).

Knroueenbie cnoea: 6acceliH Tucbi, 20pHble y4acmKU pek, MAaKpo3o0obeHmoc, canpobHocmeo,
MOMeHYUAAbHAA Pbl6oNPoOyKMuUeHOCMb.
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Mema. Bus4yumu KinbKicHi ma SKICHi MOKA3HUKU MaKp03006eHMocy AK OOHiEl 3 OCHOBHUX
CKnadosux Kopmogoi bazu 0119 pub beHmoghazie 2ipcbKux 0ingHOK piYoK 3akapnamms i BUSHAYEeHHS
pisHsa ix canpobHocmi.

Memoouka. [ocnioxceHHA npogodunu y aimHil nepiod (cepners) 2009 p. byau OocniorceHi
2ipcbKi 0inAHKU pivok baceliHy piyku Tucu. Bidbip npob 3006eHmMocy nposodunu npobosiobipHUKOM
muny Surber (25 x 25 cm). [pobu 8i06upanuce Ha rpyHMax pPi3HUX pakuil 3 8iOMIHHOK WEUOKICMIo
nomoky eoou (nepekam, nneco, Ama). 36ip, 06pobKy ma iHMepnpemayito ompuMaHux OaHUX
3dilicHio8anu 32i0Ho 3a2anbHonpuliHAMux 8 2idpobionozii MemoOouK, po3pobaeHux 018 0CNIOHEeHHA
2ipcbKux pivoK. CanpobHicme docnioiceHux OinaHOK PiYoK po3paxosysasnu 3a popmynoto P. MaHmae i
I. Bykka. [na po3paxyHKy sukopucmosysanu canpobHuli iHoekc M. 3eniHka ma 1. MapeaH.

Pe3ynabomamu. Bug4eHO KinbKiCHi ma SKiCHi MOKA3HUKU Makpo3oobeHmocy. YucenoHicmo
MaKpo3oobeHmocy Ha 0ocnioxeHuUx OinAHKAX piYoK Kosueanace 8i0 416 do 7712 6’K3./M2 npu
Giomaci eid 2,96 do 83,84 2/m". OcHosy makpo3zoobeHmocy binbwiocmi piyoK popmysanu AUYUHKU
80/10X0KpuUnbYie, cknadaroyu 0o 93% biomacu. fewo meHwy ponb y ii hopmysaHHi gidiepasanu
AUYUHKU 00HOOeHOK (00 53%) i secHAHOK (00 55%), 6okonnasu (0o 39%), nu4UHKU Komapig-038iHuie
(00 14%) ma He3HaYHY — AUYUHKU HCyKie (00 3%), a makox 0opocsai 800AHI wyku (0o 5%). 3a
pO3PaxX08aHOI NOMEHYiliIHOW pubonpodyKkmusHicmio O0CNIOHEeHI PiYKU MOXHA YMOBHO po30inumu
Ha mpu epynu: manonpodykmueHi (4,2—12,7 Kz/2a), cepedHbonpodykmusHi (13,2-21,6 ke/2a) i
sucokonpodykmuseHi (25,3-85,3 Kz/2a). Bu3HauyeHo, W0 2ipcoki OinAHKU pi4oK 3akapnamms
Hanexame 00 4Yucmux x-canpobHux, ma o- i B-me3ocanpobHux 30H, iHOeKc canpobHocmi 8 AKuX
Konueaemsca 8i0 0,35 (p. Pika) do 1,7 (p. Wunim).

Haykoea Hoeus3Ha. 3 mMemoto OUYiHKU ma nodanbwo20 po3paxyHKy ob6’emie 3apubseHHs
2ipcbKux 0inAHOK piYok 6aceliHy piyku Tucu mosn000t0 cmpymKoeoi ¢hopeni ma xapiyca 0ocniorneHo
KinbKiCHi ma AKICHI MOKA3HUKU MAaKpo300b6eHmocy K OOHiei 3 OCHOBHUX CK/aa008UX KOpMO8oi 6aszu
04 pub-beHmodpazie ma po3paxo8aHo ix momeHyiliHy pubonpodykmueHicme.

MpakmuyHa 3Ha4umicme. [aHi wodo biomacu makpo3oobeHmocy ma canpobHocmi 2ipcoKux
0iNAHOK PiYoK 0arOMb MOMCAUBICMb OYiHUMU ix momeHUuiliHy pubonpodykmugHicmes i Moxyme 6ymu
BUKOPUCMAHI 0415 OUIHKU mMa POo3paxyHKy MOM(aAU80CMIi 3apubnaeHHA 00CAiOXeHUX piYoK Moa000w0
¢openi ma xapiyca, a MakKox« 07158 pPo3pPaxyHKy MOXAUBUX 36umkie 8i0 bydisHuymea manux lEC,
meHOeHuyis 0o bydisHuymMea AKUX HA piyKax 3aKaprnamms 8 OCMAHHIG Yac Habysae cymmesux
obepmis.

Kntouoei cnoea: 6aceliH p. Tuca, 2ipcoki OQinAHKU Pi4OK, MaKpo3oobeHmoc, canpobHicme,
nomeHujiliHa pubonpodykmusHicme.
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