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ABSTRACT

Krstié, S., Melovski, Lj., Levkov, Z. and Stojanovski, P. (1994). Complex investigations on the river
Vardar. I1. The most polluted sites in the first three months. Ekol. Zast. Zivot. Sred., Vol. 2, No 2, Skopje.

Presented article refers to complex physic-chemical and floristic investigations on river Vardar,
Macedonia. The study has been started in February 1993 and the most polluted sampling sites along the river
flow, amid the first one in high mountain region, in the first three months are presented. In addition to 25
controlled physic-chemical parameters diatom flora communities were investigated through app. 1600 per-
manent slides. Diatom flora composition and floristic statistical indices in relation to determined pollution
are discussed.

diatoms, rivers, pollution, statistical indices.

WU3BO[

Kpernk, C., Menosckn, Jb., Jleskos, 3. n Crojanoseku, IT. (1994). KoMruiekcHn ucTpakyBama Ha
pekata Bappap. II. Hajsaragenure Touku o npsure Tpu Meceuu. Ekon. 3amr. 2Kusor. Cpep., Tom 2, Bp.
2, Ckonje.

TpynoT ce ofjHecyBa Ha KOMIIIEKCHUTE €KOCHCTEMCKH H (PIOPHCTHYKN MCTpaXKyBarba Ha peKara
Bapnap, Makenonuja. O ucTpaxysamara 3anovyHaTH Bo (espyapn 1993 roguna ce npukaxkaHu Haj-
3arpo3eHATe MCIUTYBaHM TOYKH, MOKpaj NMpBaTa BO M3BOPHMUIEH Jien, 3a npBHTe 3 Meceuu. BrynHo Gea
cnefieHH 25 pu3HIKO-XeMHCKH TapaMeTPH M COCTABOT Ha JHjaTOME]CKATE 3aeHUIH co okoay 1600 Tpajun
npenapartyi. JINCKYyTHpaHA ce COCTABOT Ha JHjaTOMEjcKaTa (hiopa ¥ CTATHCTHYKHUTE (DIIOPHH HHIEKCH BO

OJ{HOC HA YTBpJIEHATAa NONyLH]ja.

Knyunu 360poBH: IHjaTOMEH, PEKH, 3araflyBambe, CTATHCTHYKY UHIEKCH.

INTRODUCTION

As a central water ecosystem river Var-
dar’s basin represents the most important and
humanly influenced water resource in Mace-
donia. Recently proposed projects for its tur-
nover to a serial of dams and subsequently few
stagnant water bodies have actualized the need
for obtaining the ecological study and starting
the pollution monitoring system. Although
permanent the up-to-date mostly chemical in-

vestigations on river Vardar have pointed sev-
eral critical sites as severely polluted, but have
done nothing in relation to complex impact of
polluters on hydrobionts. Round (1991) states
that both chemical and biological analyses are
essential for monitoring the river conditions.
But, as the chemical features have unpredict-
able fluctuations due to breakage of chemical
Compounds, absorption and interactions and
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are diluted or changed in various degrees (wa-
ter flow, concentration of nutrients, nutrient
imput, etc.) under the complex climate influ-
ence, the interpretation of those results be-
comes rather difficult except in broad terms.
On the other hand, biology phytocenosys and
zoocenosys assessment at specified sampling
sites or along the river is crucial for revealing
the forced changes in the biocenosys composi-
tions and estimation of living world’s response
to overall chemical influence. In addition, the
choosing of living organism for pollution moni-
toring is quite doubtful as well. Numerous
attemptions for using animal biocenosys have
pointed to various disadvantages due to com-
plex reproductive cycles, sampling difficulties
and uneven distribution of groups along the
river. Keithan et al. (1988) stated that in re-
spect of rivers longitudinal changes in physic-
chemical parameters qualitative differences in
algal populations should be expected. Lange-
Bertalot (1978) has an opinion that: "... dia-
toms (Bacillariophyta) represent outstanding

bioindicators for different degrees of pollu-
tion...".

Except the realized project by éapkarev
et al. (1990) and serial of papers (Krstic et al.
1990; Kungulovski et al. 1990; Stojanovski &
Krstié 1991; Krstic et al. 1992; Kungulovski et
al. 1992; Krsti¢ & Stojanovski 1993), which
were mostly based on evaluation of microflora
population diversity in relation to Sladecek
(1973) system of saprobity indicators and un-
fortunately not supported by sufficient num-
ber of chemical parameters, only the article by
Krsti¢ & Melovski (1994) represents the first
attempt for autecology estimation of diatom
populations in relation to complex physic-
chemical parameters in Macedonia.

The presented paper, postulated as the
first one in a serial about the complex investi-
gations on river Vardar, has an aim to repre-
sent the investigated area, methods and pre-
liminary conclusions about the most polluted
river parts in the beginning of the project that
had been started in February 1993.

STUDY AREA

Fig. 1 represents river waternet in Ma-
cedonia and investigated sampling sites along
the central river Vardar water ecosystem. River
Vardar has a source on the South slopes of
mountain gar-pianina, near the village Vrutok,
at 683 m a.s.l. (GaSevski 1978). The total length

till the Mediterranean estuary in Greece is 388
km with 301 km belonging to Macedonia. It
has the dominant 20535 km? drainage area in
Macedonia as well. The total inclination of
river bed i1s 640 m while the average relative
one is 2,1%.

Fig. 1.
Cn. 1.
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Map of river waternet in Macedonia and sampling sites on river Vardar
Mana Ba peusmEOT cHCTEM Bo MaKeloHHja B HCOHTYBaHATE TOYKH Ha pekaTa Bappap
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Complex investigations on the river Vardar...

Presented 20 sampling sites, carefully
chosen for estimation of human influence on
river Vardar, are always located infront and
after probable major polluters (human settle-
ments, industries, tributaries, etc.) and slightly
more frequent around two major cities, the

Description of sampling sites

In order the first monitoring system on
river Vardar to be established, the following
sampling sites were chosen although some ad-
ditional points have become important during
the investigations and will probably be included
in future:

T1 - Village Vrutok (670 m a.s.l.); T2 -
after city Gostivar (550 m a.s.l.); T3 - Village
Zelino (495 m a.s.l.); T4 - Village Jegunovce
(425 m a.s.l.); TS - in front the capitol Skopje
(350 m a.s.l.); T6 - after river Lepenec mouth
in river Vardar (320 m a.s.l.); T7 - the center
of Skopje (310 m a.s.l.); T8 - the main Skopje
city communal input (310 m as.l.); T9 - the
main meat industry waste input in Skopje (300
m a. s. 1.); T10 - after river P&inja mouth in
river Vardar (290 m a.s.l.); T11 - in front in-

capitol Skopje and industry center Veles. Ex-
isting wastewater treatment plants, amid few
exceptions, are either out of order or have not
been working at all thus resulting with input
of completely untreated industrial and com-
munal wastewaters into the river flow.

dustrial city Veles (290 m a.s.1.); T12 - the main
outflow of food and heavy metal industry in
the town center (280 m a.s.l.); T13 - the center
of the city Veles (280 m a.s.1.); T14 - after main
leather industry outflow in Veles (270 m a.s.L.);
T15 - after the chemical industry outflow in
Veles area (250 m a.s.l.); T16 - after river
Bregalnica mouth in river Vardar (230 m a.s.l.);
T17 - after river Crna Reka mouth in river
Vardar (220 m a.s.l.); T18 - the Demir Kapija
canyon (200 m a.s.l.); T19 - in rront city Gev-
gelija (180 m a.s.1.); T20 - after city Gevgelija -
the border (180 m a.s.l.).

The complete description of the sam-
pling sites was published in previous number
of this volume.

MATERIALS AND METHODS

The material for microflora analysis and
water for physic-chemical ones were sampled
in monthly intervals from February 1993 to
February 1994. A total of 25 physic- chemical
parameters have been measured for each sam-
pling site according to methods recommended
in APHA (1985). Diatom populations were col-
lected from stones, pebbles and as epiphytic
growth on submerged water plants by scrap-
ing or treating the whole collected material.

Method proposed by Hustedt (1930) was
applied for boiling and cleaning of the diatom

frustules which were than mounted in kanada-
balsam (i. r. 1, 53) and observed under light
microscope. An average of 200 frustules have
been counted in each sample due to obtaining
the percentage abudance composition that was
later used for calculating the following statis-
tical indices: index of species richness, Mar-
galeff (1958); equitability index, Pielou (1975);

+ index of diversity, Shannon & Weaver (1940);

index of domination degree, Karr (1971) and

index of similarity, Marczewski & Steinhaus
(1959).

RESULTS

Tab. 1 represents the physic-chemical
parameters determined in February 1993 for
presented eight sampling sites. From T1 sam-
pling site (as a reference point for clean moun-
tain waters) downstream there is an obvious
tendency for increasing of all parameters espe-
cially the biology important ones. The corre-
lation between O, and BODj; as well as total
nitrogen quantity, nitrogen forms (NH,, NO,,

Exon. 3amT. Xusor. Cpen., 2, 2, crp. 13-29 (1994)

NO,) and total sulfates is very indicative em-
phasizing T8, T9 and T16 sites for organic pol-
lution and T15 as extraordinary inorganic pol-
luted one. The data for metal ions are charac-
teristic for Na, K and Ca when considering the
organic pollution and for P on T15 as very high
value for inorganic one. The concentration of
heavy metals also increases downstream but
without exceptionally high values.
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Tab.1 Physic-chemical parameters determined in February 1993 for 8 presented sampling sites.
Ta6.1 @uUIAIKO-XEMHCKH KapaKTEPUCTHKY Ha 8-Te Mpe3eHTHpaHH TOYKH YTBPAEeHH BO heBpyapu 1993 ropn.

T T8 T9 T10 ™ T12 Ti5 T16
Water T. (0C) (T. Ha BOAA) 8,5 3,5 3,8 50 5,0 5,0 6,0 45
Air T. (0C) (T. Ha BO3[YX) -3,5 3,0 2,0 28 5,0 6,0 10,5 1,0
Water flow (m/s) (MNpoTok) 1,0 1,2 0,9 08 08 0.8 1,0 09
pH 7,7 79 8,0 8,2 8,2 8,2 7.2 7.7
CO, (mg/l) 0,2 0,0 0,0 0,0 1,9 1,7 38 29
Q, (mg/) 19,54 15,5 174 7.8 95 59 9,2 15,6
BOD, (mg/) (BMK,) 55 1,5 15,0 08 5,1 10,7 16 10,4
Dry matter (mg/l) (Cysa matepuja) 130 283 230 261 286 413 200 302
Org, matter (mg/l) (Opr. matepuja) 61 120 88 9 143 91 71 78
Inorg. matter (mg/l) (Heopr. mar.) 69 164 142 170 143 323 129 224
Total N (mg/l) (BkyneH N) 0,92 7,28 2,55 2,86 1,48 2,05 33,48 3,14
NH, (mg/l) 0,82 5,23 2,53 0,76 0,87 0,31 33,1 1,36
NO, (mgf) 0,020 0,292 0,164 0,206 0,234 0,254 0,185 0,203
NO, (mg/l) 1,103 5,386 14,030 8,745 5,625 4,085 2,393 4,910
SO, (mg/) 3,91 21,53 17,16 19,78 26,0 15,87 104,4 28,59
P (mg/) 0,005 1,071 0,137 0,206 0,335 0,419 16,670 1,365
Cl (mg/l) 52 16,8 17,6 15,0 15,5 17 29,5 17,5
Na (mg/l) 3,96 36 56,6 28,5 18,6 13,5 17,6 15,1
K (mafl) 1,91 2,49 2,43 3,11 4,01 441 3,84 3,03
Mg (mg/) 5,33 13,20 11,40 18,30 18,30 15,70 16,40 17,70
Ca (mg/l) 28,0 420 34,0 103,7 98,4 82,2 92,1 102,6
Pb (mg/l) 0,038 0,058 0,068 0,102 0,100 0,090 0,096 0,096
Fe (mg/l) 0,229 0,806 0,590 0,706 0,750 0,972 0,992 0,646
Cu (mgfl) 0,016 0,022 0,009 0,039 0,032 0,028 0,043 0,041
Mn (mg/) 0,004 0,023 0,015 0,044 0,044 0,051 0,070 0,051

The same pattern can be observed in  in Veles) in that period were based on acid and
March 1993 with very similar data values ex- phosphate components what is confirmed with
cept for Fe ion which are much higher. Tech- decreased pH value as well.
nology processes of CIV (Chemical Industry

16 Ekol. Zat. Zivot. Sred., 2, 2, p.p. 13-29 (1994)



Complex investigations on the river Vardar...

Tab.2  Physic-chemical parameters determined in March 1993 for 8 presented sampling sites.
Ta6.2 @H3AYKO-XEMHCKH KapaKTEPHCTHKE Ha 8-Te Npe3eHTHPAHH TOYKH YTBPeHH Bo MapT 1993 rop.

T T8 T9 T10 ™ T12 T15 T16
Water T. (0C) (T. Ha sopa) 85 9 9 9 95 1 12 9
Air T. (0C) (T. Ha Bo3ayx) 4 18 17 12,5 14 12 10 13
Water flow (m/s) (MpoTok) 0.8 0.9 0.8 7.5 1 1.2 0,9 1
pH 7,2 76 8 7.9 7.7 75 6,9 7.5
CO, (mg/) 31 26 33 6,2 8,1 12,4 10 10
0, (mg/) 10,5 10,3 9,97 8,72 85 8,72 8,56 7,84
BOD, (mg/l) (BIK,) 1,49 3,89 9,62 7.1 7,37 5,42 8 6,09
Dry matter (mg/l) (Cysa marepuja) 168 395 432 497 395 430 914 602
Org. matter (mg/l) (Opr. matepuja) 127 116 144 86 153 142 136 174
Inorg. matter (mg/l) (Heopr. mar.) 41 279 288 a1 242 288 778 428
Total N (mg/l) (BxyneH N) 1,06 3,88 2,37 1,52 2,09 2,45 6,88 2,34
NH, (mg/) 0,28 3,74 1,55 0,69 0,33 1,07 6,83 1,02
NO, (mg/) ~0.0 0,15 0,26 0,29 0,4 0,51 0,34 0,44
NO, (mg/) 1,43 1,08 4,91 422 3,32 2,68 52 3,92
SO, (mg/) 527 20,8 21,9 222 22,8 29 86,5 56,6
P (mg/l) 0,19 1,17 0,31 1,03 0,79 0,57 426 1,53
Cl (mgh) 25 24 1 13 13 21 21 17
Na (mg/l) 2,43 20,8 13,9 13,2 20,1 21,1 20,3 22,6
K (mg/) 2,03 5,32 6,19 7,46 5,21 5.5 8,01 519
Mg (mg/l) 4,55 16,8 14,2 14,5 16,5 15,9 24,1 15,1
Ca (mg/) 56,5 70,5 445 73,5 66 63,5 111 75
Pb (mg/) 0,18 0,1 0,06 o1 0,09 0,31 0,28 01
Fe (mg/l) 04 7,7 1,55 9,35 9,6 11,4 225 1,7
Cu (mg/) 0,02 0,04 0,02 0,04 0,03 0,03 0,03 0,03
Mn (mg/) 0,01 0,12 003 - 016 0,15 0,13 0,15 0,15

The values for April 1993 are generally  ertheless, the values for BOD; are on the same
much lower compared to previous months levels indicating high rate input of organic
most probably due to increased water flow re-  matters amid increased dillution rate.
lated to spring rains in mountain areas. Nev-

Exon. 3amr. Xusor. Cpen,, 2, 2, ctp. 13-29 (1994) 17
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Tab. 3

Physic-chemical parameters determined in April 1993 for 8 presented sampling sites.

Ta6.3 @®UIAIKO-XEMHCKH KaDaKTEPHCTHKE Ha 8-Te Mpe3eHTHPAHH TOUYKH YTBPAeHH Bo anpmi 1993 rop.

Ti T8 T9 T10 ™ Ti2 T15 Ti6
Water T. (0C) (T. Ha Bona) 85 14,0 14,0 15,0 15,0 16,0 15,0 14,0
Air T. (0C) (T. Ha BO3ayX) 17 25 20 21 19 19 14 16
Water flow (m/s) (Mpotok) 1,1 1,0 1,2 1 11 1,2 1,0 11
CO, (mg/) 5,50 4,10 2,15 3,80 14,50 4,80 4,50 6,50
0, (mg/l) 9,59 9,32 9,27 9,51 10,00 9,30 9,40 7,10
BOD, (mg/l) (BINK,) 1,03 9,18 8,22 5,62 5,36 7,45 4,85 5,70
Dry matter (mg/l) (Cysa matepuja) 127 266 221 281 251 243 138 230
Org. matter (mg/l) (Opr. marepuja) 86 66 78 105 64 91 35 59
Inorg. matter (mg/l) (Heopr. mar,) 41 200 143 176 187 152 103 171
Total N (mg/l) (Bkynex N) 1,56 4,57 2,27 1,70 5,64 7,25 7.38 5,47
NH, (mg/l) 0,49 2,92 0,31 0,62 0,82 0,82 2,76 1,16
NO, (mg/) 0,004 0,130 0,042 0,242 0,280 0,310 0,310 0,410
NO, (mg/) 1,65 2,29 4,09 3,81 3,66 4,32 4,13 3,64
S0, (mg/) 17,38 15,59 14,93 15,59 15,10 16,10 39,90 14,40
P (mg/) ~-00 0,17 ~0,0 ~0,0 0,03 ~0,0 0,595 0,24
Cl (mg/) 55 12 16 11 10 18 13 12
Na (mg/l) 2,21 77,30 40,70 28,10 36,30 55,90 123,70 34,00
K (mg/) 1,220 2,170 2,290 2,580 3,520 2,630 3,470 3,100
Mg (mg/) 1,695 5,790 9,570 3,800 3,000 2,400 7,100 7,700
Ca (mg/) 6,740 4,125 19,930 25,780 9,700 10,500 5,700 9,500
Pb (mg/) 0,090 0,090 0,084 0,083 0,084 0,085 0,091 0,142
Fe (mg/) 0,52 1.65 0,44 1,82 5,35 1,03 6,90 6,50
Cu (mgh) 0,010 0,013 0,010 0,012 0,014 0,011 0,016 0,019
Mn (mgh) 0,012 0,050 0,028 0,042 0,081 0,035 0,100 0,101

Although there is an interesting observed
tendency for developing very similar diatom
flora assemblages in investigated area, only few
taxa (Diatoma vulgarrs, Synedra ulna var. oxyr-
chynchus, Synedra vaucheriae, Rhoicosphenia
abbreviata, Navicula lanceolata, Navicula lri-
punctata, Cymbella helvetica, Cymbella minuta,
Nitzschia dissipata) were determined in all sam-
pling sites generally increasing their abudance
towards higher pollution levels. However, taxa
belonging to genera Navicula, Gomphonerna

18

and ANitzsc/ia increase their abudance and di-
versity gradually towards most polluted sites
with assemblages dominated by MNitzsc/ia pa-
lea, Nitzschia dissipata, Gomphonema par-
vulum, Gomphonema olivaceum, Naviculla
phyllepta and by not so dominant but marked
presence of Nitzschia umbonata and Nitzschia
amphibra. Pinnularia microstauron var. bre-
bissonii can only be determined on T15 sam-
pling site as a form characteristic for low pH
reaction.

Ekol. Zast. Zivot. Sred., 2, 2, p.p. 13-29 (1994)



Complex investigations on the river Vardar...

Tab.4 List of diatom taxa and their relative abudance for 8 presented sampling sites in February 1993,

Ta6.4 Jlmcra Ha MUjATOME]jCKA TAKCOHM W HHBHA pEllaTHBHA 3aCTANEHOCT 3a 8-Te Npe3eHTHPaH! TOYKH 3a

cdespyapu 1993 rop.

TAKSONI

T1

T8

T9

T10

T11

T12

T15

T16

Cyclotella comta (Ehr.)Kutz.

Cyclotella iris Braun et Heriband

Cyclotella meneghiniana Kutz.

Cyclotella ocelala Pantocsek

- |y

Diatoma elongatum Ag.

Diatoma mesodon

Diatom a vulgaris Bory

+*

45

Merldion circulare Ag.

Meridion circulare var.conslricla (Rallis)V.H.

Ceraloneis arcus Kulz.

Aslerionella formosa Hasall

Fragilaria capucina Desmazieres

Fragilaria capucina var.capitellata (Grun.)L.B.

12

0.52

Fragilaria intermedia Grun.

Fragilaria parasitica

Synadra acus Kutz.

Synedra acus var.anguslissima Grun.

Synedra ulna (Nitzsch)Ehr.

Synedra ulna var.oxyrinchus

+

Synedra vaucheriae Kulz.

+ |+ |+ |+

Cocconeis disculus (Sch.)Cl.

Coconeis pediculus Ehr.

Coconeis placentula Ehr.

10

Coconeis placentula var.euglypta Ehr.

24

Achnanthes lanceolala Breb.

Achnanthes lanceolala var.rostrata (Ostup)L.B.

Achnanthes minutisima Kutz.

Rhoicosphaenia abbreviala Kutz.

Gyrosigma acuminatum (Kutz.)Rabh.

Gyrosigma scalproides (Rabh.)Cl.

Frustulia vulgaris (Thw.)De Toni

Diploneis ovalis Kutz.

+

Navicula capitatoradiala Germain

15

-

Navicula cryptocephala Kutz.

Navicula cryptotenela L.B.

Navicula cuspidala Kulz,

Navicula goeppertiana (Bleisch)H.L.Sm.

Navicula lanceolata (Ag.)Ehr,

=~ |4 | |0

Navicula menisculus Schumann

Navicula phyllepta Kulz.

10

~

Navicula pupula Kulz.

Navicula pygmaea Kutz.

Navicula radiosa Kulz.

Navicula tripunctata (O.Mull)Bory

Navicula viridula var.rostelala (Kutz.)Cl.

+

Caloneis bacillum (Grun.)C|.

Cymbella affinis Kulz,

Cymbella heivetica Kutz.

~

+

Cymbella minuta Hilse ex Rabh,

+ |+

Cymbella prostrata (Berk.)Cl.

=lwn|=

Cymbella sinuata Kutz.

Cymbella solea

Cymbella silesiaca Bleish in Rabh.

Cymbella lumida (Breb.)V.H.

Amphora libica Ehr.

Amphora ovalis Kulz.

Amphora pediculus Kutz.

Gomphonema olivaceum (Horn.)Breb.

10

12

Gomphonema parvulum Kutz.

10

Rhopalodia gibba (Ehr.)O.Mull

Nitzschia am phibia Grunow

u\+'~l‘_;'

Nitzschia apiculata

Nitzschia constricta (Kutz.)Ralls

¥

Nilzschia dissipata Kutz.

10

-
n

Nitzschia heulleriana

¥

L]

Nitzschia interm adia Hantzsch

Nitzschlia linearis (Ag.)W .Smith

Nitzschia palea (Kulz.)W .smith

Nitzschia recta Hantzsch

Nitzschia sigmoidea (Nitzsch.)

+ |+ @]+

+|+ ||+ |+ |+

P [0

Nitzschia umbonata (Ehr.)L.B.

Cymalopleura solea (Breb)W.Smith

Surirella brebisonii var.kuetzingii

Surirella minuta Brab,

+ &+ |+

Exon. 3amr. Xnsot. Cpen., 2, 2, crp. 13-29 (1994)
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Tab.5 List of diatom taxa and their relative abudance for 8 presented sampling sites in March 1993.
Ta6.5 Jlucra Ha {AjaTOMEjCKA TAKCOHY M HEBHA peJIaTHBHA 3aCTAllEHOCT 3a 8-Te NPE3CHTHPAHA TOYKH 323
mapt 1993 rogn.

TAXA - MARCH 93 T1 T8 T9 T10 T11 T12 T15 T16
Aulacoseira granulata (Ehr.)Simonsen +
Cyclotella meneghiniana Kutz. 4 + 1
Cyclotella ocellata Pantocsek + - 2
Cyclotella stelligera Cleve & Grunov +
Diatoma hyemalis (Lyngb.)Heib. 5 15
Diatoma mesodon (Ehr.)Kutz. 10
Diatoma vulgaris Bory 33 38 7 23,5 14 3 2;5
Meridion circulare Ag. 15
Ceratoneis arcus Kutz. + 4 2 9,5 25 1
Asterionella formosa Hasall : 5 2,5 2 + 25
Fragilaria intermedia Grun. +
Fragilaria pinnata Ehr. + +
Synedra acus var.angustissima Grun. +
Synedra ulna (Nitzsch)Ehr. + + 2,5 +
Synedra ulna var.oxyrhynchus (Kutz.)V.H. 2 2 3 2 2 3 3
Synedra vaucheriae Kutz. + + + 4 2 1 2,5
Synedra vaucheriae var.capitellata Grun. +
Cocconeis pediculus Ehr. 5 + 3 +
Cocconeis placentula Ehr. +
Cocconeis placentula var.euglypta Ehr. 10 3 2 1 3 3 3 2
Achnanthes lanceolata Breb. * +
Achnanthes minutissima Kutz. 5
Rhoicosphaenia abbreviata Kutz. 4 4 4 3 6 +
Gyrosigma acuminatum (Kutz.)Rabh. * 2
Gyrosigma scalproides (Rabh.)CI. +
Frustulia vulgaris (Thw.)De Toni + o+ +
Caloneis bacillum (Grun.)Cl. +
Navicula accomoda Hustedt + +
Navicula capitatoradiata Germain + 2 1 2 3,5 4 +
Navicula cryptotenella L.B. 20 + + + + +
Navicula cuspidata Kutz. + 1
Navicula goeppertiana (Bleisch)H.L.Sm. 2 3 9
Navicula lanceolata (Ag.)Ehr. 5 6 10 5 10 15 8
Navicula phyllepta Kutz. + + + 9 10 +
Navicula tripunctata (O.Mull)Bory 2 + 2 1,5 3 2,5 3
Navicula trivialis L.B. g +
Pinullaria microstauron (Ehr.)Cl. +
Cymbella affinis Kutz. +
Cymbella helvetica Kutz. 3 1,5 2,5 + +
Cymbella minuta Hilse ex Rabh. + 15 7 10 2 4 2 9
Cymbella prostrata (Berk.)Cl. 2 + 1
Cymbella silesiaca Bleish in Rabh.
Cymbella sinuata Kutz. n + + 1
Amphora ovalis Kutz. + 2.5 2
Amphora pediculus Kutz. 5 + +
Gomphonema olivaceum (Horn.)Breb. 4 15 10 A 6 7 19
Gomphonema parvulum Kutz, * 5 8 1 5
Epithemia sorex Kutz. +
Rhopalodia gibba (Ehr.)O.Mull +
Hantzschia amphyoxis (Ehr.)Grun. +
Nitzschia amphibia Grunow 5 +
Nitzschia constricta (Kutz.)Ralfs + +
Nitzschia dissipata Kutz, 12 3 3 7 2 7 14
Nitzschia fonticola Cholnoky 28 + 2
Nitzschia heufleriana Grun. + + +
Nitzschia intermedia Hantzsch T 5 1,5 2 4 +
Nitzschia linearis (Ag.)W.Smith + 5 2,5 + +
Nitzschia palea {Kutz.)W.smith + 10 15 3 25
Nitzschia recta Hantzsch +
Nitzschia sigmoidea (Nitzsch.)Ehr. 1 25
Nitzschia umbonata (Ehr.)L.B. +
Cymatopleura elliptica (Breb)W.Smith +
Cymatopleura solea (Breb)W.Smith ) + 2 2 +
Surirella ovata Kutz. 10 4 5 2,5 10 19
Surirella ovata var.apiculata W.Smith 2
Surirella ovata var.pinnata W.Smith 2 2 2 5 #
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Tab. 6 List of diatom taxa and their relative abudance for 8 presented sampling sites in April 1993.
Ta6.6 Jlucra Ha EjaTOMEjCKW TAKCOHH M HABHA PEJIaTHBHA 3aCTAllEHOCT 32 8-Te NpPEe3eHTHPAHH TOUKH 3a

anpun 1993 rop.

TAXA - APRIL' 93

T1 T8

T9

T10

T11

T12

T18

T16

Aulacoseira granulata (Ehr.)Simonsen

Cyclotella comta (Ehr.)Kutz.

Cyclotella iris Braun et Heriband

Cyclotella meneghiniana Kutz.

Cyclotella ocelata Pantocsek

Stephanodiscus nepastraea Hakansson & Hickel

+ 4+ | B+ |+

Diatoma ehrenbergll Kutz.

Diatoma hyemalis (Lyngb.}Heib.

10

Diatoma mesodon (Ehr.)Kutz.

Diatoma vulgaris Bory

55

3,5

Meridion circulare Ag.

42

Ceratoneis arcus Kulz.

2,5

Ceratoneis arcus var.amphyoxis Rabh.

Fragilaria capucina Desmazieres

Fragilaria pinnata Ehr,

= lWlw|tn|—=fn

Synedra acus Kulz,

Synedra acus var.angustissima Grun.

Synedra parasitica W.Sm.

Synedra parasitica var.subconstricta Grun.

Synedra ulna (Nitzsch)Ehr,

Synedra ulna var.oxyrinchus(Kutz. )V.H.

'35

3,5

Synedra vaucheriae Kulz.

Synedra vaucheriae var.capitellata Grun.

Eunotia pectinalls var.minor Kulz.

Cocconeis disculus (Sch.)Cl.

Cocconels pediculus Ehr,

Cocconels placentula Ehr.

Cocconeis placenlula var.euglypta Ehr.

6 22

2,5

Achnanthes lanceolata Breb.

Achnanthes lanceolata ssp.rostrata (Ostr.) L.B.

Rhoicosphagnia abbreviata Kutz.

Gyrosigma acuminatum (Kulz.)Rabh.

Frustulia vulgaris (Thw.)De Tenl

Caloneis amphisbaena (Bory)Cl.

Calonels bacillum (Grun.)Cl.

MNavicula accomoda Husted!

Navicula bacillum Ehr.

Navicula capitaloradiata Germain

3,5

Navicula eryptotenella L.B.

Navicula cuspidata Kulz.

MNavicula decussis Ostr.

Navicula goeppertiana (Bleisch)H.L.Sm.

Navicula lanceolala (Ag.)Ehr.

20

18,5

10

‘Navicula phyllepta Kutz.

Navicula pupula Kulz.

Navicula tripunctata (O.Mull)Bary

3,5

Nawvicula trivialis L.B.

Pinnularia microstauran var. brebisonil (Kutz.)Mayer

Cymbelia affinis Kulz.

Cymbella helvetica Kutz.

Cymbella minuta Hilse ex Rabh.

|

Cymbella prostrata (Berk.)Cl.

Cymbella sinuata Kutz.

23

Amphora lybica Ehr.

Amphora ovalis Kutz.

‘Amphora pediculus Kutz.

Goemphonema olivaceum (Horn,)Breb.

+

14,5

15

23

Gomphonema parvulum Kulz.

16

Epithemia adnata (Kutz.)Breb.

Hantzschia amphyoxis (Ehr.)Grun.

Nitzschia amphibia Grunow

Nilzschia constricta (Kutz.)Ralls

Nitzschia dissipata Kutz.

3,5

Nitzschia fonticola Cholnoky

3.5

Nitzschia heufleriana Grun.

Nitzschia homburgiensis L.B.

Nitzschia intermedia Hantzsch

Nitzschia linearis (Ag.)W .Smith

Nitzschia palea (Kutz.)W .smith

Nitzsehia parvula W.Sm.

Nitzschia sigmoidea (Nitzsch.)Ehr.

Nitzschia umbenata (Ehr.)L.B.

Cymatopleura solea (Breb)W.Smith

Surirella ovata Kutz.

12

Surirella ovata var.pinnata W .Smith

3.5

Exon. 3amr. XKusor. Cpen., 2, 2, crp. 13-29 (1994)
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Tab. 7 Diatom flora index of similarity for 8 presented sampling sites obtained for all 3 months in 1993.
Tab6.7 WMueKc Ha CIHYHOCT Ha iujaToMejcKaTa ¢hiiopa 3a 8-Te Npe3eHTHPaHH TOYKH 3a CHTE 3 Meceld BO

22

1993 ron.
FEBRUARY '93
Sampling sites T T8 T T10 T11 T12 T15 T16
T \ 27,78 30,00 22,73 33,33 26,09 20,37 26,67
T8 41,86 61,29 62,50 45,95 N9 51,43
T9 \ 50,00 43,75 46,00 38,89 41,18
=T10 \ 62,16 63,16 45,83 69,44
T11 \ 52,38 38,46 50,00
T12 \ 39,62 51,16
Tl \ 48,98
T16 \
MARCH '93
Sampling sites T9 T10 T11 T12 T16 T16
T 18,75 6,82 15,00 18,92 14,63 10,81
T8 48,57 45,24 42,86 56,41 48,78 52,78
T9 \ 33,33 41,46 35,59 37,21 39,47
T10 \ 48,89 41,30 41,67 40,91
T \ 42,22 45,65 45,24
T12 \ 54,76 51,28
T15 \ 44,19
T16 \
APRIL '93
Sampling sites T9 T10 T11 Ti12 T15 T16
T1 33,30 20,80 28,20 17,20 15,20 18,60
T8 35,30 29,70 48,10 28,80 30,30 25,00
T9 \ 53,50 56,70 40,70 48,80 47,20
T10 \ 50,00 59,20 46,50 48,10
T11 \ 45,60 52,70 47,00
Ti2 \ 49,00 47,50
Ti5 \ 41,50
T16 \

Ekol. Zast. Zivot. Sred., 2, 2, p.p. 13-29 (1994)
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Fig.2. Plot presentation of various diatom flora indices for 8 sampling sites and for all 3 investigated months in
1993. A - Index of richness; B - Index of diversity; C - Index of equitability; D - Domination degree
Cn.2  I'pacmuxu npuKa3 Ha pa3NUYHA HHAEKCH Ha iAjaToMejcKaTa (uiopa 3a 8-Te¢ HCIUTYBaHH TOYKH 34

care 3 mecemm Bo 1993 roxr. A - Mapekc na 6oraTcTso; B - Uapnexc na gusep3urer; 11 - Mujgekc Ha
xomorenutet; ]I - CreneH Ha foMAHAIHA]A.

Exon. 3amrr. Xusor. Cpen., 2, 2, crp. 13-29 (1994)
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DISCUSSION

The first part of physic-chemical data
values (Tab. 1, 2, 3) considering the tempera-
tures, water flow, CO, and O, are quite ex-
pectable for winter months in Macedonian
continental climate. There is a significant drop
of O, levels from T1 towards sites with higher
pollution due to active microbial decomposi-
tion processes even in such low water tempera-
tures what is confirmed with increased BOD;
values as well.

Total dry matter values, consist of or-
ganic and inorganic dry matter data, as an im-
portant parameter for artificial input of addi-
tional nutrients in river ecosystem, increases
quite irregularly downstream closely related to
the intensity of human activities on a specific
sampling date. The highest value of 914 mg - I
I on T15 supports the high level of observed
inorganic pollution mostly related to sulfate
and phosphate inorganic compounds. Rela-
tively high dry matter values determined on the
other sampling sites are always in connection
with organic waste input.

The second group of the physic-chemi-
cal parameters is consist of major biologically
active nutrient compounds represented by data
for total N, ammonia, nitrates, nitrites and val-
ues for total phosphates and sulfates. There is
again a very obvious tendency for increasing
of all towards most polluted sites downstream.
The most striking is increasing of total N, sul-
fates and total P values on T15 sampling site
indicating continuous vast inorganic pollution
combined with a very low levels of NO, and
NO, ions as intermediate forms of organic
decomposition. Decreased levels of this group
of data (as well as for all the others) recorded
in April 1993 can only be explained with very
high water levels (flow). Nevertheless, the ten-
dency of increasing of all measured parameters
is rather obvious for April as well.

When comparing these quite high data
values for a natural water ecosystems with vari-
ous waste and natural running waters (accord-
ing to accessible literature), the values for Ju-
kskei-Crocodile river system (Schoeman 1976),
river Nida (Pasternak & Starzecka 1979), pulp
and paper effluent (Amblard et al. 1990) and
Linggi river basin (Khan 1991) are either far
below the stated levels for river Vardar or simi-
lar but for heavily polluted wastewaters.

24

The last group of physic-chemical data
represents the values of metal ions concentra-
tion as elements of waste degradation or heavy
metal ion input. The leading role have Na, Ca
and K ions in February and March 1993, while
the data for April 1993 are again somehow un-
explainable and seem chaotic although obvi-
ously increasing downstream. Some unexpec-
ted peaks for Fe ion (Tab. 2, 3) are also re-
corded.

Diatom flora lists of qualitative compo-
sition and relative abudance (Tab. 4, 5, 6) show
similar patterns stated for numerous lowland
rivers worldwide (Lange-Bertalot 1978; Patrick
& Palavage 1994). T1 as a control unpolluted
site constantly affords development of rela-
tively poor, epilithic on mosses (Fontinalis
pyrelica) diatom community dominated by non-
pollution tolerant species (Lange-Bertalot
1979a, 1979b; Descy 1979; Watanabe et al.
1986; Van Dam et al. 1994) such as: Drwutoma
mesodon, Meridion circulare, Cocconels pla-
centula var. euglypta, Navicula cryprotenella,
Nitzschia fonticola. Temporary increase in
abudance for Navicula cuspidata and Navicula
tripunctata was recorded in February 1993 and
has not been confirmed after.

T8 and T9 sampling sites showed a rapid
turnover to a diatom flora dominated mostly
by Diatoma vulgaris, Gomphonema olivacum,
Navicula lanceolata and Cocconeis placentula
var. euglypta but with marked presence of
Nitzschia dissipata, Rhoicosphenia abbreviata,
Synedra vaucheriae, then Gomphonema par-
vilurn and Synedra ulna var. oxyriynchus as
well as the first records of NVizschia palea, an
community representing a constant and high
organic input.

The most unstable sampling sites, ac-
cording to diatom flora composition, in inves-
tigated period were T10 and T11 showing quite
rich microflora and supporting development
of numerous taxa with very different pollution
tolerance and variable in their relative abu-
dance. Gomphonema olivaceum, Navicula lan-
ceolata, Dialoma hiemale, Ceratoners (Hannea)
arcuswere very dominant, but MVitzschia palea,
Cymbella minuta, Surirella brebissonii var. fut-
zingri, Navicula capitatoradiata were also re-
corded with high abudance. That part of in-
vestigated river is obviously under a critical

Ekol. Zast. Zivot. Sred., 2, 2, p.p. 13-29 (1994)
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influence of river P¢inja as an tributary with
variable pollution load. Autopurification pro-
cesses that are taking place after pollution in-
put from Skopje give an opportunity for de-
veloping of non- pollution tolerant assem-
blages, but are frequently interrupted by high
concentration organic (toxic) input manifested
with sudden fish killings as well.

A special part of examined area repre-
sents T15 sampling site with ecologically di-
sastrous recorded situation. Mizschia palea,
Gomphonema parvulum, Navicula cryptote-
nella, Nitzschia amphibia, Synedra vaucheriae,
Gomphonermna olivaceum, Navicula plyllepla,
Navicula lanceolata, Nitzschia dissipata have
their maximal densities interchanging among
themselfs the dominance in time. Remarkable
is the presence of Surirella brebissonti var.
kutzingii and Nitzschia umbonata thus confirm-
ing the constant input of mineral nutrients.
Although the devastated river banks seemed
lifeless with stones covered by thick sulfate salt
layer, the mineral input has its significance for
quite variable microflora development in parts
of the river where the direct wastewater inflow
is sufficiently diluted. Stones which are directly
in the wastewater flow showed no microflora
assemblages and could be very easily broken
with slight touch due to a long term exposure
to strong acids and alkalii.

T16 sampling site was still under a strong
influence of T15, but additionally polluted with
vast amounts of organically polluted waters of
river Bregalnica. Therefore, taxa dominant on
T15 decreased their abudance, but sometimes
{(March 1993) they could again be found in
dominance above 15%. This sampling site re-
sembles T10 but strongly dominated by waste-
waters from T15 site. Again autopurification
processes took place together with physical
sedimentation forces, but the river in this part

is still heavily loaded with nutrients. It is suffi-
ciently wide for supporting the plankton gro-
wth and Asterionella formosa, Cyclotella me-
neghiniana, Cyclotella comia, Stephanodiscus
astraea, Synedra acus could be recorded al-
though the huge benthic forms such as Surz-
rella taxa were dominant on muddy habitats.

Tab. 7 and Fig. 2 represent the attempt
of statistical evaluation of various floristic in-
dices. According to similarity indices (Tab. 7)
T1 sampling site has the lowest microflora simi-
larity with all the other sampling sites what was
expected. All other sampling sites have simi-
larity indices ranging between 30 and 70% of-
ten very difficult for explanations, but on av-
erage the most distant sites show decreasing
in similarity. The highest similarity index have
T10 and T16 (69, 44%) in February 1993 and
the lowest T1 and T10 (6, 82%) in March 1993.
Remarkable are low similarities in April 1993,
especially between T8 and greatly polluted
T12, T15 and T16 what can once more be re-
lated to high water flow. '

The indices of richness for all three mon-
ths are supportive to increased richness on the
most polluted sites due to well known mixo-
trophy abilities of diatoms. Diversity indices
are high on organically polluted sites although
quite variable through investigated months and
increase downstream as well. Indices of equi-
tability and domination degree are rather dif-
ficult for discussion because they are high on
T1 as well. But, there is a tendency for them to
be high on polluted sites and decreasing of
domination degree on T10, T11 and T12 sam-
pling sites might be related to low water tem-
peratures, input of some toxic substances or
frequent intense organic loads what is the most
probable explanation. Further investigations
over a much longer period of time should re-
veal the true cause.

CONCLUSIONS

Presented data on complex investiga-
tions on river Vardar for period February -
April 1993 have insufficient amount of infor-
mations for establishing a certain pollution
degree pattern. Nevertheless, investigated
months and pointed sampling sites enabled us
to form the following conclusions:

The source mountain waters (T1) of river
Vardar show constant low water pollution level

Exon. 3amt. Xusor. Cpef., 2, 2, cTp. 13-29 (1994)

with low species indexed diatom flora domi-
nated by taxa confirmed as non-pollution tol-
erant ones. Therefore, T1 sampling site is very
useful as a reference point for further investi-
gations.

Downstream river area starting after city
of Skopje and spreading until beyond city of
Veles (T8-T12 sampling sites) represents or-
ganically polluted part of the river (mainly
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originating from communal and food industry
wastewaters input) variable in degree and in-
tensity. That part of the river flow supports
quite variable diatom flora communities with
mixed dominance among species known as
pollution tolerant and non-tolerant ones. AVzzz-
schia and Naviculz taxa dominate this area with
Diatoma and Cocconers forms still present in
high percentage. Development of Gomplo-
nema parvulum and Niizschia palea make this
area alfa-mesosaprobic zone but that situation
is frequently changed to poly saprobity with
sudden peaks far beyond mesosaprobity range
of pollution in sense of particular polluters.
The stated conclusions are in coordinance with
Lange-Bertalot (1978) taxa list for rivers Rhine
and Main and Van Dam et al. (1994) checklist
for diatoms ecology indicators.

T15 sampling site represents an unique
ecological catastrophe site with waste inorganic
input far in ultra saprobity range. The river
banks immediately after wastewater inlet are
completely lifeless with thick layers of hardly

degradable sulfate and phosphate compounds.
Epilithic diatom flora communities develop on
places where wastewater is sufficiently diluted.
Diatom assemblages never rich so high per-
centage abudance due to frequent shocks and
are again composed of taxa known for severely
polluted waters. According to all stated data
this point is the most critical one in all river
flow and the river can not improve its quality
even very far downstream. Records of Zu-
nularia and Epithermia taxa, although with very
low abudance, confirm the acidity pattern of
this site.

T16 sampling site is somehow recovery
one, but additionally loaded with waste organic
input from Bregalnica tributary. Diatom flora
recovery can be seen in species richness and
their percentage abudance, but the pollution
degree still remains in alpha to poly saprobity
zone. NVitzsc/ia taxa have their maxima in these
waters and developing of planktonic forms is
also supported.
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KOMMNEKCHU UCTPAXKYBAHA HA PEKATA BAPLAP.
" Il. HAJSATAQEHUTE TOYKU BO NPBUTE TP MECELIX

Ceerucnas KPCTUK, Jbymyo MEJIOBCKY, 3natko JIEBKOB n
ITarge CTOJAHOBCKH

Wucruryr 3a Guonoruja, [Ipapopgao-MaTeMaTHIKH (DaKyJITET,
I1. ®ax 162, 91000 Ckonje, Makenonuja

PE3MME

Bo ¢derpyapu 1993 roguna, Kako ocHOBa 3a WHATa W3Bef0a Ha NpoeKToT ,,Bapgapcka
JonuHa“ 3allOYHATH ce KOMIUIEKCHA €KOCHCTEMCKH UCTpaXkKyBarha Ha pexaTa Bapaap. Bkyn-
HOTO TevyeHHe ondaTeHO BO paMKuTe Ha rpanunuTe Ha Penybnmka MakefoHuja u3feneHo e
Ha 20 MEPHH TOYKHA KOHIEHTPUPAHH OKOJIY IOTEHUHjaIHATE 3aragyBayd (rpafoBH, HHIYCTPHUCKH
IEHTPH) CO MOPETKH MEPHH MecTa nomel'y HUB.

[To XylacHYHO yTBpJE€HaTa METOMOJIOTHja CO MeceyHa (hpeKBeHIMja Ha TEpEeHCKH HC-
TpakyBarba CIIeJIleHH ce 25 mapaMeTpH Ha (PU3MYKO-XeMucKaTa cocTojba m cobupaH e anro-
JIOIIKH MaTepHjall KaKo eNWIHTOH HIX Nepu(HuTOH Bp3 cybMmep3HaTa Beretanuja. Kna-
JIMTATHBHHOT ¥ KBAHTUTATHBHHOT COCTaB Ha [JHjaTOME]CKHTE IIONYJIAllHH YTBPeH e mpeky 1600
TpajHM IpenapaTH co Opoewe Ha MpOIEHTHATa 3acTaneHocT Ha npoceyHo 200 ppycrynm no
npenapar.

I[Ipesentupanure ocym mepun Trouku (T1, T8, T9, T10, T11, T12, T15 u T16) ce moTBpauja
KaKO HajHHTEH3WBHO 3arajleHd Mo LeJoTO TeYeHne, OCBEH ToukaTa T1 BO U3BOPHUINHAOT e
Kaj c. BpyTok Koja e TunuyHa pedpeperTHa TouKa. Criope] cuTe (PU3NYKO-XEMHUCKH TApaMeTpH
noppayjeto nomery T8 m T12 (Cn. 1) mpercraByBa CHIIHO onTepeTeHa 06JIacT CO OPraHCKH
OTNajJH! MaTEePHH KOH NMOTEKHyBaaT Off KOMYHAJIHATE W OTNAaHUTE BOJU Ha npexpambeHaTa
uHaycrpuja of rpagosuTe Ckomje u Benec. Bo Toj nornep moce6Ho orckokHyBaaT T8, T9 u
T12 xape 3abeneXaHuTe NOjaBH Ha HCTAJOXKYBamke HA TENIKO pa3rpajyIABA MPCHH MaTepHH
0 JHOTO, KOW Tpen3BUKyBaaT aHaepoOHM MUKPOOHH TMpOLECH Ha ferpajauuja, npegns-
BHKYBaaT HaMallyBake Ha [JOCTAITHUOT KUCIOPOJ| ¥ oceTHO ja HaronemyBaaT BIIKS Bpepnocra,
a MOTKpPEIEeHH ce U CO pa3Boj Ha MEUKpodIIopa 1no3HaTa 3a anda [0 Mojlu canpobHa 30Ha Ha
3arajiyBame.

Toukure T10 1 T11 npercraByBaaT 30Ha Ha aBTONYpPMHUKAIUCKHA NpoiecH, HO Ha T10
BIIEYATIHBO € BIHMjaHHEeTO Ha pekaTa [Iymma Koja Bo pexkaTra Bappap BHecyBa Boja Of
nomucanpo6ed KapakTep ApacTHYHO cMalyBajKu I'o NPOLIEHTOT Ha cl1000/IeH KHCIIOpOJ opajH
HITO Ha TOj Aen ce 3abeNlexXaHW YECTH NOMOPH Ha xuapobumonTHTe. [IMjaToMejckaTa MH-
Kkpodropa e cocraBeHa of anda 1o nonu canpoGHE TAKCOHH, HO ¥ NPETCTABATENA HA YACTH
BOJIEHA TEKOBHU CO PeJaTHBHO BHCOKA aOyHIaHTHOCT.

Exonomkn Haj3arpo3eH ce MokaXka peyHuoT Tek mop ucnycror Ha XUB (Xemwucka
Wunycrpuja Benec - T15) kafie XUBHOT CBET NOJ BIMjaHWE HA OTNAJHHTE BOJHA € MOTIOIHO
YHHIITEH, le6eNn CIOeB) Ha UCTANOXEeHH cyndypHH U hochOpHA HEOPTAHCKH COEMHEHM]A
BO L[€JIOCT TO MpeKpuBaaT IHOTO, a KaMemwaTa ce pacnafaaT BoO IeJIOBH H NIPH HajMall yaap.
MuxpociopaTa e MTOBTOPHO COCTaBeHa Off aCOLMjallHH Ha BHCOKATa MOJYI[Hja, HO CO CMaJIeHa
MPOIEHTHA 3aCTaNeHOCT MOPAJH YeCTUTE XeMUCKH O0KOBH. IlojaBaTa Ha Fnularia u Nitzschia
TaKCOHHTE, HAKO CO MHOTY Masna 6pojHOCT, MOTBp/lyBa KOHTHHYHTET Ha MCNYCT Ha OTNAfHH
BOJM co HUcKa pH peakuwuja.

Toukara T16 nokasxkyBa ouATsIefHa HO CHIIHO YCNIOPEHa TEH/IEHIM]a Ha pexabuInTanyja
NIOflaTHO ONITOBapeHa CO BIMBOT Ha ajda Jjo MoK canpoOHATE BOJM Ha pekaTa Bperannuna.
JloMVHaHTHH ce TaKCOHMTe Ha ponoBute Navicula, Nizschia, Surirella Ho ce 3abenexyBa n
Cpe/lHa 3aCTaneHOCT Ha NNaHKTOHCKUTe Asterronella n Synedra taxcorn. Pekara Bappap Bo T0j
Jie]l € ceyIITe BO paMKHATE Ha BUCOKaTa anda /10 MO canpobHOCT CO BNEYaTIHBO BIIHjaHAE Ha
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T15 (XUB) op Koe JOIHAOT TEK Ha HCIUTYBAHAOT EKOCHCTEM HE YCNeBa [ja ce IPOYUCTH Ce JI0
rpanmnara co P. I'pugja.

CrarucrrukaTa 06paboTKa Ha MOaTOLHTE NMPeKy Pa3sInYHATE (PIOPHCTHYKA UHIEKCH
'l IOTBPJIyBa H3HECEHHTe KOHCTATAI[|H, HO Oupiejkn e 6asmpaHa caMo Ha TPEMECEYHH MOJJaTONH
7 8 KOHTPOJIHHE TOYKH BO NNOENMHA MOMEHTH He MOXKe BO 1IeJIOCT ia ce o6jacHn. Ha pesynratare
roJieMo BiIMjaHHe HMa W BHCOKHOT BOJOTEK Bo Mecel anpua 1993 romgmHa Koj goHekaje ru
NpeKpHBa BHCTHHCKATE pe3ynTaTd. [loHaTaMOIIEATE HCTPaXXyBaka BO IOJONT BPEMEHCKH
nepHo | co moroneM 6poj Ha MepHH TOYKH Tpeba fa rum objacHaT cHTe 3abenexaHu He-
MPaBHJIHOCTH.
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