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Ecological Spectrums of Heterotrophic Flagellates (Protista) in Water Bodies of Ukrainian Polissya Area.
Shevchuk S. Yu., Dovgal I. V. — Dependence of 26 heterotrophic flagellate species development in
central part of Ukrainian Polissya area from operating pH and concentrations of dissolved organic
matter and oxygen in the waters is considered. Narrowing of existence spectrums in certain types of
water body characteristic for some species of heterotrophic flagellates is stated; this peculiarity is
strongly expressed in the bogs where specific complex of hydrochemical conditions to have a place.
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DKooruyeckue crnekTpbl rereporpodusix ¢aaremnar (Protista) B Bomoemax Ykpamnckoro Ilosechs.
IIepuyk C. 10., Jlosrans . B. — [IpuBeneHbl cBeleHUS O TOJEPAHTHOCTU BMIOB TeTepOTPODHBIX
XKTYTUKOBBIX LIEHTPaIbHON yacTu YKpanHcKoro [lonechst K TuapoxuMuyeckuM (akTtopaM, TaKUM Kak
pH, conepxaHue pacTBOPEHHBIX B BOIE KUCIOpOAa M OpraHMYecKux BellecTB. [lomyuyeHbl sKo00-
IMYECKHMe CIEKTpbl i 26 BumoB (areiiar, WUTIOCTPUPYIOIIME WX OTHOILICHHME K YKa3aHHBIM
dakropam. [lokazaHo, YTO IS psioa U3YYEHHBIX BUIOB XapaKTEPHO CYKEHUE 3KOJOTMYECKUX CIEeK-
TPOB B OTAEJBHBIX TUIIAX BOJOEMOB, YTO OCOOEHHO MPOSIBIsIETCS B 00JIOTaX ¢ MX creuudpuiyecKum
KOMILJIEKCOM YCJIOBUMA.

KnoueBbie cioBa: rereporpodHbie duareuiatel, YKpanHa, SKOJOTHYECKNE CIIEKTPbI, TOJEPAHT-
HOCTb.

Introduction

The heterotrophic flagellates are widely distributed in the water bodies of different modes. The group
is of great importance in the cycle of organic matter since these protozoans present the important link in the
food chains between bacterial plankton and phytoplankton on the one hand and mesoplankton on the other
one (Fenchel, 1987).

The additive effect of several factors of aquatic environment is responsible for both of the species
richness and abundance of heterotrophic flagellates as for peculiarities of their distribution.

Particularly, it is known that different flagellate species are characteristic by various attitudes to the
operating pH. It has been found experimentally that kinetoplastids developing in the operating pH range
between 4 and 10 with optimum between 7 and 8 (Zhukov, 1993). The species richness of heterotrophic
flagellates in the natural water bodies with subacid reaction was higher than in water bodies with neutral
reaction (Mylnikov, Kosolapova, 2004 ).

Many of heterotrophic flagellates are inhabitants of polluted waters and unpretentious concerning
concentration of dissolved O,. Among them the benthic and periphytic flagellate species generally are less
sensitive to oxygen concentration than planktonic. However there is no clear dividing line between these
ecological groups (Zhukov, 1993).

The facultative and obligate anaerobes mainly from the order Diplomonadida Wenyon, 1926 represent
the peculiar ecological group of heterotrophic flagellates (Fenchel, 1987).
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Fig. 1. Map showing the collection sites (marked by black spots) of heterotrophic flagellates in the investi-
hated region. a — Zhytomyr Region; b — Kyiv Region.

Puc. 1. IlyHTKbl cOOpa MaTepuayia (OTMEUYEHBI YEPHBIMU TOYKAMU ) MO TeTepoTpodHM areiaTaM. a —
Kutomupckas obnacte; b — KueBckas 061acTb.

The cultured heterotrophic flagellates usually show the positive dependence of their development with
concentration of dissolved organic matter (Zhukov, 1970), but optimum of concentration may vary essentially
in different species (Kosolapova, 2005). Species richness, abundance and biomass of flagellates increasing
with grows of organic matter content in the water, as Tikhonenkov (2006) shows in his work on the natural
water bodies.

However the data concerning tolerance of flagellate species to hydrochemical characteristics are
incomplete (Tikhonenkov, 2006) and generally apply to impact of any environmental factors on flagellate
community as a whole.

Here, we consider dependence of development of several heterotrophic flagellate species from the
central part of Ukrainian Polissya area from operating pH and concentrations of dissolved organic matter and
oxygen in the waters.

Material and methods

The material was collected in different types of water bodies in the 53 localities of Zhytomyr and Kyiv
Regions of Ukraine (fig. 1) during 2004—2007. At each locality the samples of water were sampling by hand
in three replications. The flagellate species identification and enumeration were carried out in vitro.

For the estimation of heterotrophic flagellate abundance in 5 ml of water were placed in Petri dishes
with diameter 6 cm. Fifteen microscopic fields were examined under light microscope MIKMED (using
water immersion objective) at magnification x1050 in each Petri dish. The abundance of flagellate cells per
1 ml (N) was calculated by the following equation:

N = neS/Ves
where n is the overall abundance of cells in characters, S is the area of the Petri dish, Vis the sample volume,
s is the overall area of characters (Zhukov, 1975).

The flagellates were identified based on the keys by Z. 1. Asaul (1975), B. F. Zhukov (1993),

A. P. Mylnikov (1992) and A. P. Mylnikov, N. G. Kosolapova (2004 ).
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Table 1. The score scale of some abiotic factor values
Taoaunma 1. BanbHas mwKana 3HaYeHuid a0MOTHYECKUX (PAKTOPOB

Factor values

Score Temperature, °C pH Dissolved 0O, concentration ?il(s)sr?l(vk?;} ség;igl;gﬁzttte&icg;icsgtirs-
(mg/1) mg/1 of O,)
1 17.0—17.9 5.10—5.25 2.60—4.70 4.70—14.70
2 18.0—18.9 5.26—5.51 4.80—6.90 14.80—24.80
3 19.0—19.9 5.52—-5.77 7.00—9.10 24.90—34.90
4 20.0—20.9 5.78—6.03 9.20—11.30 35.00—45.00
5 21.0—21.9 6.04—6.29 11.40—13.50 45.10—55.10
6 22.0—22.9 6.30—6.55 13.60—15.70 55.20—65.20
7 23.0—23.9 6.56—6.81 15.80—17.90 65.30—75.30
8 24.0—24.9 6.82—7.07 18.00—20.10 75.40—85.40
9 25.0—25.9 7.08—7.33 20.20—22.30 85.50—95.50
10 226.0 7.33—7.60 22.40—24.50 95.60—105.60

Water temperature was measured with calibrating mercurial thermometers graduated in 0.1 or 0.5°C,
whereas operating pH measured with the pH—150M pH-meter, dissolved oxygen concentration calculated by
the Winkler method, and dissolved organic matter measured by permanganate oxidation (Alekin et al., 1973;
Unifitcirovannye..., 1983).

For the graphic expression of the species ecological spectrums the values of quantity of different
environmental factors were brought to the connatural units. With that end in view we used the ten-point
linear scales (Pesenko, 1982) constructed on base on own data of factor values.

The constructed scales and becoming ranges of factor values are given in table 1.

Results and discussion

The tolerances for above listed factors were estimated in 26 most common in the
region flagellate species (Shevchuk, 2007): Bodo globosus Stein, 1878; B. designis Skuja,
1948; B. saltans Ehrenberg, 1838; Rhynchomonas nasuta (Stokes, 1888) Klebs, 1893;
Rhynchobodo simius Patterson et Simpson, 1996; Parabodo nitrophilus Skuja, 1948;
Entosiphon sulcatum (Dujardin, 1841) Stein, 1878; Peranema fusiforme (Larsen, 1987)
Larsen et Patterson, 1990; Petalomonas minuta Hollande, 1942; P. pusilla Skuja, 1948;
Notosolenus sp.; Cercomonas crassicauda (Alex.) Lemm., 1914; C. longicauda (Duj.)
Senn, 1880; Heteromita reniformis (Zhukov, 1978) Mylnikov, 2000; Allantion tachyploon
Sandon, 1924; Protaspis gemmifera Larsen et Patterson, 1990; P. simplex Vors, 1992;
Monosiga ovata Kent, 1880; Goniomonas truncata (Fresenius) Stein, 1887;
Paraphysomonas vestita (Stokes, 1888) De Saedeleer, 1929; Spumella major (Skua,
1956) Zhukov, 1993; S. vivipara (Ehrenb.) Pascher, 1912; Phyllomitus apiculatus Skuja,
1948; Ancyromonas contorta (Klebs) Lemmermann, 1910; A. sigmoides Kent, 1880 and
Apusomonas proboscidea Alexeieff, 1924.

The ranges of factor values for different heterotrophic flagellate species are given
in table 2.

Several groups of flagellate species are separated according of the obtained data.

Ancyromonas sigmoides, G. truncata, Rhynchomonas nasuta and Rhynchobodo simius
are euryecic against the registrable factors (table 2, fig. 2).

Apusomonas proboscidea, B. globosus, B. saltans, C. longicauda, H. reniformes,
M. ovata, Notosolenus sp., Paraphysomonas vestita, Petalomonas pusilla, Protaspis sim-
plex and S. vivipara are stenoionic in relation to operating pH as they occur only under
pH higher than 5.8 (table 2, fig. 3). All other species are euryionic.

The majority of investigated flagellate species are weakly sensitive to oxygen con-
centration in water. Only three species, Allantion tachyploon, Paraphysomonas vestita
and Protaspis simplex are stenooxidic and were registrated under oxygen concentration
not exceeding 5.6 mg per liter (table 2, fig. 4).
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Table 2. The abiotic factor ranges in different heterotrophic flagellate species
Ta6auna 2. /Ilnana3onsl 3HaYeHUil a0MOTHIECKUX (hAKTOPOB, MPU KOTOPBIX 3aPErHCTPHPOBAHBI BUIbI IE€TEPO-

TpodHbIX (Jarenar

Dissolved O, con-

Dissolved ogranic matter

Species Temperature, °C pH centration (mg/l) | concentration (mg/l of O,)
Apusomonas proboscidea 18.8—24.2 6.1-7.6 2.6—24.5 4.7-55.1
Allantion tachyploon 17.0—26.0 5.1-7.3 2.6—15.6 4.7-55.1
Ancyromonas contorta 17.0—26.0 5.1-7.6 2.6—24.5 4.7-85.4
A. sigmoides 17.0—26.0 5.1-7.6 2.6—24.5 4.7-105.6
Bodo globosus 18.8—26.0 6.1-7.6 2.6—20.1 4.7-55.1
B. designis 17.0—26.0 5.3-7.6 2.6—24.5 4.7-85.4
B. saltans 18.8—26.0 6.1-7.6 2.6—24.5 4.7-45.0
Cercomonas crassicauda 17.0—26.0 5.1-7.6 2.6—20.1 4.7-85.4
C. longicauda 17.0—26.0 6.3—7.6 2.6—20.1 4.7-105.6
Entosiphon  sulcatum 17.0—26.0 5.1-7.6 2.6—20.1 4.7-105.6
Heteromita reniformes 17.0—26.0 6.3-7.6 2.6—20.1 4.7-45.0
Goniomonas truncata 17.0—26.0 5.1-7.6 2.6—24.5 4.7-105.6
Monosiga ovata 17.0—26.0 6.1-7.6 2.6—24.5 4.7-55.1
Notosolenus sp. 17.0—26.0 6.1-7.6 2.6—20.1 4.7-55.1
Paraphysomonas vestita 17.9—26.0 5.8-7.6 2.6—13.4 4.7-55.1
Parabodo nitrophilus 17.0—26.0 5.6—7.6 2.6—20.1 4.7-105.6
Petalomonas minuta 17.9—26.0 5.1-7.6 2.6—20.1 4.7-55.1
P. pusilla 17.0—26.0 6.1-7.6 2.6—20.1 4.7-85.4
Peranema fusiforme 17.9-26.0 5.3-7.6 4.8—20.1 4.7-95.5
Phyllomitus apiculatus 17.0—26.0 5.6—7.6 2.6—24.5 4.7-85.4
Protaspis gemmifera 17.0—26.0 5.3-7.6 2.6—20.1 4.7-105.6
P. simplex 17.9—-26.0 5.8=7.6 2.6—15.6 4.7—-55.1
Rhynchobodo simius 17.0—26.0 5.1-7.6 2.6—24.5 4.7-105.6
Rhynchomonas nasuta 17.0—26.0 5.1-7.6 2.6—24.5 4.7-105.6
Spumella major 18.8—26.0 5.3-7.6 2.6—24.5 4.7-95.5
S. vivipara 17.9-24.2 6.3—7.6 4.8-24.5 4.7-34.9
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Fig. 2. Ecological spectrums of euryecic species: I — Rhynchobodo nasuta; 2 — R. similis; 3 — Goniomonas
truncata; 4 — Ancyromonas sigmoides.

Puc. 2. Dxonoruueckue crekTpbl 3BpUOMOHTHBIX BUIOB: | — Rhynchobodo nasuta; 2 — R. similis; 3 —
Goniomonas truncata; 4 — Ancyromonas sigmoides.
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Fig. 3. Ecological spectrums of stenoionic species: I — Apusomonas proboscidea; 2— Bodo globosus, 3 —
B. saltans; 4 — Cercomonas longicauda; 5 — Heteromita reniformes; 6 — Monosiga ovata; 7 — Notosolenus sp.;

8 — Paraphysomonas vestita; 9 — Petalomonas pusilla; 10— Protaspis simplex; 11 — Spumella vivipara.

Puc. 3. Dkojornyeckne CrieKTpbl CTCHOMOHHBIX BUIOB: | — Apusomonas proboscidea; 2 — Bodo globosus; 3 —
B. saltans; 4 — Cercomonas longicauda;, 5 — Heteromita reniformes; 6 — Monosiga ovata; 7 — Notosolenus sp.;

8 — Paraphysomonas vestita, 9 — Petalomonas pusilla; 10— Protaspis simplex; 11 — Spumella vivipara.
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Fig. 4. Ecological spectrums of stenooxide species: I — Allantion tachyploon, 2 — Paraphysomonas vestita;
3 — Protaspis simplex.

Puc. 4. Dkosornyeckue CIEKTpbl CTEHOOKCUIHBIX BUNOB: [ — Allantion tachyploon; 2 — Paraphysomonas
vestita, 3 — Protaspis simplex.

Apusomonas proboscidea, Allantion tachyploon, B. globosus, B. saltans, H. reniformes,
M. ovata, Notosolenus sp., Paraphysomonas vestita, Petalomonas pusilla, Protaspis sim-
plex and S. vivipara are sensitive to dissolved organic concentration (table 2 and fig. 5)
and were observed only under permanganate oxidation higher than 55.1 mg of O, per
liter. All other species were registered under concentrations of organic matter ranged
from 4.7 to 105.6 mg of O, per liter.

Attitude of heterotrophic flagellates to water temperature was illustrated but not
analyzed using the linear scale as the material was collected in the summertime, when
temperatures were from 17 to 26 centigrade degrees, i.e., with slightly sizable changes.

Clearly the configurations of ecological spectrums in separate species are deter-
mined by relations of the species to the any factors. However such relations were deter-
mined only for certain species.

Thus the reliable negative correlation was found in A. fachyploon between its abun-
dance and oxygen concentration (r = —0.62) and positive correlation found between
development of P. simplex and permanganate oxidation (r = 0.64).

As it was discussed earlier Ancyromonas sigmoides, G. truncata, Rhynchomonas nasu-
ta and Rhynchobodo simius are eurybionts. The same species previously (Shevchuk,
2007) were assigned to eurytopic since was encountered in all types of water bodies that
are characteristic for Ukrainian Polissya.

Protozoans are known to be able to rapid adaptations for changing of environmen-
tal conditions. One can envision that the ecological spectrums of eurybiontic het-
erotrophic flagellates will differs in the various water bodies characteristic by various
complexes of hydrochemical characteristics.

As a check on the conjecture we have obtained the ecological spectrums of listed
euryecic species in the different modes of water bodies.

Referring to figure 6 the A. sigmoides was found in rivers and lakes under closely
related pH values. In such localities A. sigmoides to proven to be euryionic whereas in
ponds, soil-reclamation canals (under pH > 6.1) and bogs (under pH = 6.1—6.3) the
species is stenoionic.

The same species was euryoxide in the rivers and land reclamation canals, whereas it
was stenooxide in ponds, lakes where oxygen concentrations were less then 13.4 mg per liter
and especially in bogs where it was found at O, concentration from 2.6 to 4.7 mg per liter.

With respect to dissolved organic matter concentration A. sigmoides was shown to
be stenobiont only in land reclamation canals, where it was registered in the range of
permanganate oxidation from 4.7 to 14.7 mg O, per liter.
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Fig. 5. Ecological spectrums of species sensitive to dissolved organic: I — Apusomonas proboscidea; 2 — Allantion
tachyploon; 3 — Bodo globosus; 4 — B. saltans; 5 — Heteromita reniformes; 6 — Monosiga ovata; 7 — Notosolenus
sp.; 8§ — Paraphysomonas vestita; 9 — Petalomonas minuta; 10— Protaspis simplex; 11 — Spumella vivipara.

Puc. 5. DKojornyeckue CreKTpbl BUAOB, YyBCTBUTEIbHBIX K KOHIIEHTPALIMM PACTBOPEHHOM OpraHukKu: [ —
Apusomonas proboscidea; 2 — Allantion tachyploon; 3 — Bodo globosus, 4 — B. saltans, 5 — Heteromita reni-
formes; 6 — Monosiga ovata; 7— Notosolenus sp.; 8§ — Paraphysomonas vestita; 9 — Petalomonas minuta,
10 — Protaspis simplex; 11 — Spumella vivipara.
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Fig. 6. Ecological spectrums of Ancyromonas sigmoides in water bodies of diferent modes: / — rivers; 2 —
lakes; 3 — ponds; 4 — soil-reclamation canals; 5 — bogs.

Puc. 6. Dkosnoruyeckue criekTpbl Ancyromonas sigmoides B BomoeMax pa3HbIX TUIOB: [ — peku; 2 — 03epa;
3 — npyabl; 4 — KaHaibl, 5 — 0oJoTa.
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Fig. 7. Ecological spectrums of Rhynchobodo nasuta in water bodies of diferent modes: / — rivers; 2 — lakes;
3 — ponds; 4 — soil-reclamation canals; 5 — bogs.

Puc. 7. Dxonorudeckue crekTpbl Rhynchobodo nasuta B BomoeMax pa3HbIX TUIOB: [ — peku; 2 — o3epa; 3 —
Mpyabl; 4 — KaHajbl; 5 — 0OoJoTa.
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The similar differences in attitudes regarding to hydrochemical factors in various
water bodies were observed in other eurybionts.

For instance, R. nasuta was found as euryionic in the rivers and canals and as
stenoionic in ponds, bogs and lakes (fig. 7). It was also noted as euryoxide in rivers and
canals but as stenooxide in bogs and lakes.

It is interesting that in rivers and bogs R. nasuta was registered at permanganate
oxidation that excess of 55.1 mg O, per liter, whereas in ponds, land reclamation canals
and lakes at values of the parameter not exceeding this quantity (fig. 7).

In partcular, R. simius occurs in lakes over the operating pH from 5.3 to 6.3. As
regards to dissolve oxygen the species was registered under its volume no more than
15.6 mg per liter in all types of water bodies except rivers.

R. simius was registered in rivers, ponds and bogs similarly to R. nasuta at perman-
ganate oxidation that exceeeds certain level, but at values of the parameter less than this
quantity in land reclamation canals and lakes. However, for R. nasuta threshold value
was different and not exceeding 65.2 mg O, per liter (fig. 8).
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Fig. 8. Ecological spectrums of Rhynchobodo similis in water bodies of diferent modes: / — rivers; 2 — lakes;
3 — ponds; 4 — soil-reclamation canals; 5 — bogs.

Puc. 8. Dkonornueckue cnekrpsl Rhynchobodo similis B Bomoemax pa3HbIX TUTIOB: [ — peku; 2 — o3epa; 3 —
Ipynbel; 4 — KaHaibl, 5 — 0oJoTa.
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Fig. 9. Ecological spectrums of Goniomonas truncata in water bodies of diferent modes: 7 — rivers; 2 — lakes;
3 — ponds; 4 — soil-reclamation canals; 5 — bogs.

Puc. 9. Dkonoruvyeckue cnieKrpbl Goniomonas truncata B BomoeMax pa3HBIX TUIOB: [ — peku; 2 — o3epa;
3 — nipynsl; 4 — KaHajbl, 5 — OoJjoTa.

Finally, G. truncata is shown to be euryionic in rivers and land reclamation canals,
whereas in ponds, bogs and lakes it was found to be stenoionic (fig. 9).

This species also shows reduction of tolerance to oxygen concentration in ponds
and bogs, where it was found at range from 2.6 to 13.4 mg O, per liter. At the same
time, G. truncata is eurybiotic in the rivers and bogs in respect to permanganate oxida-
tion whereas in lakes, ponds and canals occurs only under range from 4.7 to 55.1 mg
O, per liter (fig. 9).

Hence the narrowing of existence spectrums in certain types of water bodies char-
acteristic for investigated species of heterotrophic flagellates was detected. The peculiar-
ity is especially expressed in bogs, possessing specific complex of hydrochemical con-
ditions.

This study was supported by mutual grant of the Fundamental Researches State Fund of Ukraine and
Russian Foundation of Basic Research (project No. ®28/523—2009).

Alekin O. A., Semenov A. D., Skopintcev B. A. Rukovodstvo po khimicheskomu analizu sushi. — Moskow :
Gidrometeoizdat, 1973. — 269 p. — Russian : Azexun O. A., Cemenos A. /., Ckonunyes b. A.
PyKoBOIICTBO MO XMMUYECKOMY aHATU3Y CYIIIU.

Asaul Z. 1. Vyznachnyk evglenovykh vodorostej Ukrains’koi RSR. — Kyiv : Nauk. dumka, 1975. — 407 p. —
Ukrainian : Acaya 3. I. BusHauyHuUK eBrjieHOBUX Bonopocteil YkpaiHcbkoi PCP.

Fenchel T. The ecology of Protozoa. Berlin: Madison/Springer-Verlag, 1987. — 197 S.

Kosolapova N. G. Soobshchestva planktonnykh geterotrofnykh zhgutikonostcev malykh vodnykh ob’ektov //
Thesis for the degree of the candidate of biological sciences. — Borok : IBIW, 2005. — 205 p. —
Russian : Kocosanosa H. [I. CooOuiectBa IMJIAHKTOHHBIX TeTePOTPOGHBIX XIYTUKOHOCUEB MabIX
BOIHBIX 00BEKTOB : ABTOped. IUC. ... KaHI. OMOJI. HayK.

Mylinykov A. P. Some taxonomic features of cercomonadidae // Biology of Inland Waters. Inform. Bull. —
1992. — N 93. — P. 35—39. — Russian with English summary : Meusnukoe A. [l. Hexoropbie
TAaKCOHOMMYECKUE MPU3HAKU LiepKoMoHanun // buon. BHyTp. Boa. Mudopm. 6ion1. UBBB PAH.



Ecological Spectrums of Heterotrophic Flagellates... e-28

Mpylnikov A. P., Kosolapova N. G. The fauna of heterotrophic flagellates in a small boggy lake // Biologiya
vnutrennih vod. — 2004. — N 4. — P. 18—28. — Russian with English summary : Meusnukos A. I1.,
Koconanosa H. I. ®ayHa reTepoTpO(HBIX XIYTUKOHOCIIEB HEOOJIBIIOro 3aboyioueHHOro o3epa //
Buosn. Baytp. Bon. Undopm. 6ron1. UBBB PAH.

Pesenko Yu. A. Printcipy i metody kolichestvennogo analiza v faunisticheskikh issledovaniyakh. — Moskow :
Nauka, 1982. — 285 p. — Russian : [lecenxo FO. A. [IpyHUUATIBI ¥ METOABI KOJIMYECTBEHHOTO aHATN3a
B (hayHMCTUUYECKUX MCCIICTOBAHUSX.

Shevchuk S. Yu. Distribution of heterotrophic flagellates in different water reservoirs of the central part of
Ukrainian Polissya area // Vestnik zoologii. — 2007. — 41, N 5. — P. 463—468. — Russian with
English summary : Ilesuyk C. FO. Pacripenenenue reTepoTpO(HBIX XIYTUKOHOCLEB B BOLOEMax
pPa3HOTO THUIIA B LIEHTPAIIbHOM yacTu YKpanHckoro [loseckst // BecTHMK 30010THN.

Tikhonenkov D. V. Fauna, morphologiya i structura soobshchestv svobodnozhyvushchikh geterotrofnykh
zhgutikonostcev v raznotipnykh presnovodnykh i morskikh biotopakh // Thesis for the degree ... of the
Candidate of biological sciences. — Borok : IBIW, 2006. — 397 p. — Russian : Tuxouenxos /. B.
dayHa, MOpPGhOJIOTUST U CTPYKTYpa COOOLIECTB CBOOOAHOXKUBYIIUX TIeTePOTPOMHBIX KTYTUKOHOCILIEB B
Pa3HOTHUITHBIX MPECHOBOMHBIX U MOPCKMX OMOTOMax : ABTOped. muc. ... KaHI. OMOJI. HayK.

Unifitcirovannye metody issledovaniya kachestva vody. Part 3. Methgody biologiocheskogo analiza vod. —
Moskow: CMEA, 1983. — 371 p. — Russian : Yuuguyupoeanusie MeTonsl uccienoBaHUS KauyecTBa
Boabl. Y. 3. MeTombl OMOJIOTMYECKOTO aHAIM3a BOI.

Zhukov B. F. Atlas of freshwater heterotrophic flagellates (biology, ecology, taxonomy). — Rybinsk :
Rybinskyi Dom Pechati, 1993. — 160 p. — Russian : 2Kyxoe b. @. Ariac TpeCHOBOIHBIX TeTepO-
TPOGHBIX KTYTUKOHOCIIEB (OMOJIOTHSI, 9KOJIOTUSI U CUCTEMAaTHKa ).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


