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ABSTRACT

Water of the San River was characterized by good and high ecological status and
high diatom richness. During four studied seasons at two sites 353 diatom taxa were

identified in total, from which the most numerous were Achnathidium pyrenaicum
(Hust.) Kobayasi and Achnanthidium minutissimum (Kitz.) Czarnecki var. minutis-
simum. Water of the San River, was characterized by high and good water quality (II
and I class) in all seasons and at both studied sites.

Keywords: Diatoms, ecological status, diatomaceous indices IPS,GDI, TDI.

INTRODUCTION

Diatoms are a specialized group of organ-
isms, occurring in most aquatic ecosystems or
constantly moist ones. Therefore, they are always
available to collect. In unfavorable conditions
(including drying, freezing) they can survive in
a vegetative form. Species diversity is important
in assessing the environmental status of various
aquatic ecosystems and is expressed in the lists of
species, their autecology, number of individuals,
etc. In assessment of purity of rivers it is impor-
tant to distinc sensitive species, tolerant, resistant,
with quantitative shares. Diatoms occurring in dif-
ferent biotopes can be accurately determined and
counted and their communities can be compared
in different types of environments, thus, they are
an excellent material for the study of species di-
versity [Sieminska 1964, Rakowska 2001]. Moni-
toring studies with the use of diatoms to assess the
quality of water are conducted in many European
countries as well as in Poland [Prygiel, Coste
1993, Kelly, Whitton 1995, Kelly et al. 1995,
Kwandrans et al. 1999, Eloranta 1999, Kawecka,
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Kwandrans 2000, Bogaczewicz-Adamczak et al.
2001, Rakowska 2001, Kwandrans 2002, Prygiel
2002, Bogaczewicz-Adamczak, Dziengo 2003,
Kelly 2003, Kelly et al. 2008, Zelazowski et al.
2004, Dumnicka et al. 2006, Rakowska, Szczep-
ocka 2011]. For this purpose a computer software
OMNIDIA [Lecointe et al. 1993] was prepared,
which includes taxonomic and ecological databas-
es, together with indicative values and sensitivity
degrees of individual diatom taxa.

Regular studies which aim to investigate the
diversity of diatoms in the flowing water, to-
gether with an assessment of water quality have
been carried out in the Podkarpacie Province
only since 2007 [Noga, Siry 2010, Tambor, Noga
2011, Noga 2012, Pajaczek et al. 2012, Zelazna-
Wieczorek 2012, Noga et al. 2013a,b,c,d]. Previ-
ously, individual studies were carried out only in
the upper reach of the San River in connection
with the massive growth of Didymosphenia gemi-
nata below the reservoirs of “Solina” and “Mycz-
kowce” dams [Kawecka, Sanecki 2003].

The aim of this work is to recognize the dia-
tom species diversity and the ecological water
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quality of the upper section of the area of the San
River on the territory of the San Valley Land-
scape Park using three diatomaceous indices
(IPS, GDI, TDI) calculated with the computer
software OMNIDIA.

STUDY AREA

The San River with a 443.4 km length is the
largest and has one of the richest of water among
the Carpathian rivers.

The upper San basin is one of the most
valuable area in Poland and includes more than
90-km stretch of the river from the source to the
reservoir at Solina dam. It is a highland river
for the first 50 kilometers, in the further part
it is a mountain river. The San River Valley is
characterized by a shallow and wide riverbed,
steep shores and therefore the Carpathian flysch,
which is typical for this region, can be observed.
Numerous rapids are in the riverbed especially
on the section between Stuposiany and Rajskie
[Kukuta 2002, Sieradzki 2002, Szlak wodny
,Btekitny San” 2005].

The study sites were located in Procisne near
the bridge on the San River on the national road
No. 896 and in Sgkowiec also near the bridge
over the San River (Figure 1). Detailed descrip-
tion of the positions is presented in Table 1.

MATERIAL AND METHODS

The material for this study was collected four
times from October 2010 to September 2011 from
all available habitats (stones, slit and aquatic
macrophytes) in the San River on the San Valley
Landscape Park area. pH, conductivity and water
temperature were measured directly in the field.
Samples of water for chemical analysis were tak-
en during the last study season (September 2011).

The collected material was preserved in a 4%
solution of formalin. In order to obtain pure valves
of diatoms a part of the obtained material was sub-
jected to maceration in a mixture of sulphuric acid
and potassium dichromate in a ratio 3:1, and next
it was rinsed in a centrifuge (at 2500 rpm). The
diatoms were mounted in permanent diatom slides
with synthetic resin - PLEURAX (refractive index
1.75). The material was prepared according to the
methods applied by Kawecka [2012].

Diatoms were identified using the Nikon 80i
light microscope, according to keys: Krammer,
Lange-Bertalot [1986, 1988, 1991a,b], Lange-Ber-
talot [2001], Krammer [2000, 2002, 2003], Hof-
mann et al. [2011].

Diatoms were identified and counted using
DIC (Differential Interference Contrast) under a
Nikon ECLIPSE 80i microscope. The ultrastruc-
ture was examined under a Hitachi S-4700 elec-
tron microscope in the laboratory of Field Emis-

Solina
Reservoir 2

Ustrzyki Dolne

Ustrzyki Dolne

Figure 1. Location of the study sites
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sion Microscopy, Scanning Electron Microscopy
and Microanalysis (Institute of Geological Sci-
ences of the Jagiellonian University in Cracow).
Chemical analysis of water was carried out in the
Departmental Laboratory of Analysis of Whole-
someness of Environment and Materials of Ag-
ricultural Origin, by means of a liquid chroma-
tography apparatus PeakNet Dionex 2001-20006,
version 6.80.

Species composition in the samples was deter-
mined through counting specimens on randomly
selected fields of view under a light microscope.
The number of valves counted was 400. Species
with a content above 5% in a given diatom assem-
blage were defined as abundant.

Ecological diatoms classification was pre-
sented according to the Van Dam et al. [1994] list.
The following indicators were used: pH, sapro-
bity and trophic state.

Biological water quality assessment was
performed using OMNIDIA software [Lecointe
et al. 1993], version 4.2. This also contains eco-
logical and taxonomic data [Prygiel, Coste 1993].
Results of the analyses were presented applying
the chosen diatomic indices, for which a range of
ecological classes of water quality and the eco-

logical status conforming to them was outlined by
mutual agreement [Dumnicka et al. 2006]:

Water Ecological
Quality 9 IPS GDI TDI  Trophic status
. status
Clas
| high >17 >17 <35 oligotrophic
I good  15-17 14-17 35-50 oligo-
mesotrophic
1l moderate  12-15 11-14 50-60 mesotrophic
\Y poor 8-12 8-11 60-75 eutrophic
\% bad <8 <8 >75 hypertrophic

* According to the Decree of the Minister of the Envi-
ronment from 9 Nov. 2011 (Dz. U. No 257, pos. 1545).

Indices of organic pollution: the SPI — Spe-
cific Pollution Sensitivity Index [CEMAGREF
1982] and the GDI — Generic Diatom Index
based on genera are scaled from 1 to 20 (when
water quality increases there is an increase in in-
dicator value). The TDI — Trophic Diatom Index
is scaled from 1 to 100 (the higher the value,
the bigger trophy of water). The percentage of
participation of species characteristic for organ-
ic pollution (PT) must be taken into account in
interpretation of the TDI index. There is a possi-
bility of organic pollution if PT values are above

Table 1. Characteristic of the investigated sites, designated on the San River, including the dominant, endan-

gered and rare species

Site PROCISNE SEKOWIEC
Width [m] about 18 about 20
Depth [m] 0.2-0.5 0.2-0.7
Insolation Medium Low
Bottom Stony, large boulders in the center of riverbed Stony, rock outcrops of Carpatian flysh in

riverbed

Dominant species [>5%]

Achnanthidium pyrenaicum, A. minutissimum var.
minutissimum, A. catenatum, Encyonopsis minuta,
E. subminuta

Achnanthidium pyrenaicum, A. subatomus,

A. minutissimum var. minutissimum, Denticula
tenuis, Fragilaria perminuta, Encyonopsis
subminuta

Endangered and rare species (accoding to Sieminska et al. 2006)

Encyonema gauemanni, Fallacia lenzii,

Fallacia lenzii, Pinnularia schonfelderii,

acidocinata, Navicula cariocincta, N. upsaliensis,
Nitzschia flexa, Parlibellus protractoides,
Stauroneis thermicola, Surirella brebissonii var.
brebissonii

Endangered Neidium alpinum, Pinnularia subruperstris, P. subruperstris, P. viridiformis, Sellaphora
[E] Sellaphora pseudopupula pseudopupula
Fragilaria tenera, Gomphonema sarcophagus, Fragilaria nanana, F. tenera, Gomphonema
Vulnerable Navicula splendicula, Pinnularia microstauron, sarcophagus, Navicula splendicula,
[V] Psammothidium laueunburgianum, Psammothidim laueunburgianum,
P. subatomoides, Sellaphora bacillum P. subatomoides, Sellaphora bacillum
Achnanthes coarctata, Amphora cimbrica, Amphipleura pellucida, Amphora cimbrica,
Amphipleura pellucida, C. lancettula, C. molaris, |Caloneis lancettula, C. molaris, Cocconeis
C. schumaniana, Cymbella helvetica, disculus, Cymbella helvetica, C. lanceolata,
C. lanceolata, C. proxima, Diploneis pseudoovalis, |Fallacia subhamulata, Geissleria deccusis,
Rare Fallacia subhamulata, Fragilaria brevistriata, Luticola acidocinata, Navicula cariocincta,
[R] Geissleria deccusis, Hippodonta neglecta, Luticola |N. oligotraphenta, N. oppugnata, N. upsaliensis,

Stauroneis thermicola, Surirella brebissonii var.
brebissonii
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20% [CEMAGREF 1982, Coste, Ayphassorho
1991, Kelly, Whitton 1995].

On the basis of the Red List of Algae for Pol-
ish species by Sieminska et al. [2006], various de-
grees of threat were distinguished (Ex — Extinct
or probably extinct, E — Endangered, V — Vulner-
able, R — Rare, I — Indeterminate).

RESULTS

The San River water was characterized by al-
kaline reaction (6.8—8.2) and moderate electrolyte
content. High water quality (I water quality class)
on the area of the San Valley Landscape Park was
determined by chemical parameters (Table 1).

In total 353 diatom taxa were found at two
sampling sites (293 taxa in Procisne and 272
in Sekowiec Village), among which eight taxa
were considered as dominant. Achnathidium
pyrenaicum (Hust.) Kobayasi and 4. minutissi-
mum (Kiitz.) Czarnecki var. minutissimum were
reached 50% of abundance in the assemblage,
while the other dominant were developed less
frequently (5-10%) (Table 1, Plate 1).

Ecological preferences of diatom with respect
to pH reaction, saprobity and trophy were pre-
sented according to Van Dam et al. [1994] list.

Based on pH reaction, two groups of diatom
taxa were dominated in the San River — alkaliphi-
lous and neutral (Figure 2). Based on saprobity,
-mesosaprobous (water quality class II) taxa was
the most frequent. Oligosaprobous (class I and II)
and o-mesosaprobous (class III) taxa were also

frequent (Figure 3). Oligotraphentic and mesotra-
phentic taxa were the most numerous in all sam-
pling seasons (Figure 4).

All diatomaceous indices values (IPS, GDI,
TDI) in the San River at both sampling sites
were similar and indicated good, and high water
quality (class II and I), what corresponded to good
and high ecological status in all sampling seasons.
A small share of taxa resistant to organic pollut-
ants was also found (PT = 3.2-9.8%) (Table 2).

Endangered and rare diatom taxa constituted
about 10% of the total number of taxa. Seven dia-
tom taxa were found in the category of endangered,
eight in the category of vulnerable, and twenty-
four in the category of rare (Table 1, Plate 2-3).

pH
100
[%]
7
6
A 5
4
m 3
|2
H1
X Xl \ IX X Xl \ IX
2010 2010 2011 2011 2010 2010 2011 2011
Procisne Sekowiec

Figure 2. Percentage participation of diatoms at studied
sites in the San River, according to Van Dam et al. [1994]
classification system: pH range: 1 — acidobiontic, 2 —
acidophilous, 3 — neutral, 4 — alkaliphilous, 5 — alkalibi-
ontic, 6 — indifferent, no apparent optimum, 7 —unknown

Table 2. The chemical parameter values measured in the San River in years 2010-2011 including Shannon-Wie-

ner diversity index (H’) and IPS, GDI and TDI indices

Site PROCISNE SEKOWIEC

Date X.2010 X11.2010 VI.2011 IX.2011 X.2010 X11.2010 VI1.2011 IX.2011
pH 7.3 6.9 7.2 8.2 7.3 71 7.3 8,0
Conductivity [uS/cm] 162 171 287 165 210 193 272 295
Cl-[mg/1] - - - 3.47 - - - 2.11
NO,-N [mg/l] - - - 0.27 - - - <0.1
NO,-N [mg/1] - - - 1.10 - - - 0.99
SO,-S [mg/l] - - - 23.78 - - - 23.86
H’ 4.92 5.82 4.37 5.28 5.59 5.60 4.22 4.34
IPS 171 16.5 17.6 16.0 16.2 171 18.1 17.2
GDI 15.5 15.2 16.3 14.8 14.7 5% 16.2 15.7
TDI 35.7 45.9 41.4 b 42.2 40.7 35.0 34.4
%PT 5.2 4.7 3.8 9.2 8.0 6.2 3.2 5.3

high good

Ecological status IPS, GDI, TDI
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Plate I. Dominant taxa at studied sites
1-2 — Fragilaria perminuta (Grunow) Lange-Bert., 3, 20 — Encyonopsis subminuta Krammer & Reichardt, 4-5, 19
— E. minuta Krammer & Reichardt, 6-7, 16 — Denticula tenuis Kiitz., 8, 17-18 — Achnanthidium catenatum (Bily &
Marvan) Lange-Bert., 9, 14 — A. minutissimum (Kiitz.) Czarnecki var. minutissimum, 10 — A. pyrenaicum (Hust.)
Kobayasi, 11-13, 15 — A. subatomus (Hust.) Lange-Bert.
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Plate II. Taxa from Red list of the algae in Poland (according to Sieminska et al. 2006)
1 — Pinnularia viridiformis Krammer, 2 — P. subrupestris Krammer, 3 — P. schoenfelderi Krammer, 4 — Neidium
alpinum Hust., 5 — Encyonema gauemannii (Meister) Krammer, 6 — Fallacia lenzii (Hust.) Lange-Bert., 7 — F.
subhamulata (Grunow) D.G. Mann, 8 — Cocconeis disculus (Schumann) Cleve, 9 — Amphora cimbrica Ostrup, 10
— Cymbella helvetica Kiitz., 11 — Cymbella proxima Reimer, 12 — Cymbella lanceolata (Agardh) Kirchner
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Plate III. Taxa from Red list of the algae in Poland (according to Sieminska et al. 2006)

1 — Hippodonta neglecta Lange-Bert., Metzeltin & Witkowski, 2 — Diploneis pseudoovalis Hust., 3 — Geissleria
deccusis (Dstrup) Lange-Bert. & Metzeltin, 4 — Parlibellus protractoides (Grunow) Witkowski, Lange-Bert. &
Metzeltin, 5 — Navicula upsaliensis (Grunow) Paragallo, 6 — N. splendicula Land, 7 — N. cariocincta Lange-Bert.,
8 — N. oppugnata Hust., 9 — Nitzschia flexa Schumann, 10-11 — Caloneis molaris (Grunow) Krammer, 12 — C.
schumaniana (Grunow) Cleve, 13 — C. lancettula (Schulz) Lange-Bert. & Witkowski, 14 — Surirella brebisso-
nii Krammer & Lange-Bert. var. brebissonii, 15 — Amphipleura pellucida (Kiitz.) Kiitz., 16 — Luticola acidocli-
nata Lange-Bert., 17 — Stauroneis thermicola (Petersen) Lund, 18 — Psammothidium lauenburgianaum (Hust.)
Bukhtiyarova & Round, 19 — P. subatomoides (Hust.) Bukhtiyarova & Round, 20 — Achnanthes coarctata (Bréb.)
Grunow, 21 — Pinnularia microstauron (Ehrenb.) Cleve, 22 — Fragilaria tenera (W. Smith) Lange-Bert., 23 — F.
nanana Lange-Bert., 24 — F. brevistriata Grunow, 25 — Sellaphora pseudopupula (Krasske) Lange-Bert., 26-27 —
S. bacillum (Ehrenb.) D.G. Mann, 28 — Gomphonema sarcophagus Gregory
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Figure 3. Percentage participation of diatoms at stud-
ied sites in the San River, according to Van Dam et al.
[1994] classification system: saprobity range: 1 — oli-
gosaprobous, 2 — -mesosaprobous, 3 — o-mesosapro-
bous, 4 — a-meso-polysaprobous, 5 — polysaprobous,
6 — unknown

DISCUSSION

The spring areas of the San River are mountain-
ous terrain of Bieszczady with sparse buildings for
tourism and recreation. A significant percentage of
the catchment area is covered by legal protection
due to high natural and landscape values as in case
of Bieszczady National Park and eight Landscape
Parks, including the San Valley Lanscape Park.
The San river has the highest quality of water in
upper parts of its course. This is connected with
the fact that source sections of the river flowing
through the forest areas which are under inconsid-
erable influence of human pressure [WIOS 2004].

The water quality studies of the San River
conducted in 2010-2011 in the area of the San
Valley Landscape Park using benthic diatoms as
bio-indicators indicated a good and very good
water quality. This was confirmed by the chemi-
cal analysis, which classified waters of the San
in Sgkowiec and Procisne Villages in the first
class of water quality. The waters of the San
were characterized by very high species richness
of diatoms - at two sites designated 353 taxa.
Zelazna-Wieczorek [2012] gave a similar number
of diatom species from the springs and the upper
sections of streams which were tributaries of the
San, but in the material collected from 17 posi-
tions. Other rivers and streams in the Podkarpacie
region are also characterized by high species rich-
ness, but research on them was always conducted
on a larger number of sites [Noga 2012, Pajaczek
et al. 2012, Noga et al. 2013a, c, d].

Trophic state
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Figure 4. Percentage participation of diatoms at stud-
ied sites in the San River, according to Van Dam et al.
[1994] classification system: trophic state: 1 — oligo-
traphentic, 2 — oligo-mesotraphentic, 3 — mesotraphen-
tic, 4 — meso-eutraphentic, 5 — eutraphentic, 6 — hyper-
eutraphentic, 7 — oligo- to eutraphentic, 8 — unknown

The most numerous were two species from
the genus Achnanthidium in all study seasons.
Numerous populations were created by 4. pyre-
naicum, especially on the site in Sekowiec (even>
50% share in assemblage). Optimum occurrence
was in oligo- to mesotrophic water rich in cal-
cium with medium to high content of electro-
lytes [Krammer, Lange-Bertalot 1991b]. Accord-
ing to Hofmann [1994], it was tolerant species,
which prefer alkaline waters with pH>7. It was
very abundant in the territory of the Podkarpacie
Province in upper course of Wistok River [Noga
2012, Noga et al. 2013b). High pH values in the
San River may be related to geological structure
of terrain. All the Western and Eastern Carpath-
ians, that is where the upper valley of the San is
located, are composed of sedimentary rock such
as sandstone, mudstone, marlston, conglomerates
and shales that make up the so-called Carpathian
flysch [Kondracki 2001, Sieradzki 2002]. There-
fore Achnanthidium pyrenaicum may find here
favorable conditions to grow.

The species that grow very abundantly on
both study sites were also Achnanthidium minu-
tissimum var. minutissimum, cosmopolitan spe-
cies having a wide ecological spectrum. It occurs
in a wide range of pH (4.3-9.2) in all types of
water bodies with the conditions from oligo- to
eutrophic. It is an indicator of water rich in oxy-
gen. Numerous populations develop i.a. in high
mountain streams [Krammer, Lange-Bertalot
1991b, Van Dam ety al. 1994, Hofmann et al.
2011, Kawecka 2012]. It is also one of the most
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common and most frequently noted diatoms in the
Podkarpacie region especially in the upper cours-
es of rivers and streams [Noga 2012, Pajaczek et
al. 2012, Noga et al. 2013a, b, c, d].

The alkaline character of water is reflected
also in ecological preferences of the other spe-
cies of diatoms developing in the San River. In all
seasons, on both sites predominated alkalophiles
(pH> 7) and neutral (pH = 7) taxa, as in most of
the watercourses in Podkarpacie [Van Dam et al.
1994, Pajaczek et al. 2012, Noga et al. 2013b,c].

Calculation on diatomaceous indices with
the OMNIDIA software [Lecointe et al., 1993]
showed that San River on the area of the San Val-
ley Landscape Park carried waters of good qual-
ity. The IPS and GDI indices values reflecting the
degree of organic and non-organic contaminants
and trophic index TDI, indicated good or very
good ecological status (second and first class of
water quality). A small proportion (> 10%) of
diatoms tolerant to organic pollution — % PT was
found on both sites, which is why it can be said
that the San is not exposed to the risk of eutrophi-
cation [CEMAGREF 1982, Coste, Ayphassorho
1991, Kelly, Whitton 1995].

The study showed that the San River has the
best ecological potential in relation to other stud-
ied watercourses of the Podkarpacie region [Noga
etal. 2013a, b, c].

San River is the second largest watercourse in
the south-eastern Poland. It is the main source of
water supply in the Podkarpacie region. The stud-
ies carried out in the San Valley Landscape Park
showed that the river is clean in the upper reaches
with large diatom species richness with a high
share of rare and endangered taxa. On both sites,
in the four study seasons indicates 35 rare and en-
dangered taxa [Sieminska et al. 2006], including
7 in the category of endangered (E): Encyonema
gauemanni (Meister) Krammer, Fallacia lenzii
(Hust.) Lange-Bert, Neidium alpinum Hust., Pin-
nularia subruperstris Krammer, P. schonfelderii
Krammer, P. viridiformis Krammer, Sellaphora
pseudopupula (Krasske) Lange-Bert were found
on both sites, in the four study seasons. There-
fore, further monitoring of these waters, especial-
ly in the spring areas is necessary.
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