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INTRODUCTION

The open landscape, which is generally the 
case of the Low Beskids, was created by the 
natural forces and as such is also subjected to 
slow, natural transformations. The human activ-
ity resulting from e.g. construction of rural settle-
ments, farming, etc. also has slight impact on its 
transformations (Patoczka 2016). The most of 
agricultural lands in the Low Beskids and in the 
entire Polish Carpathians are located along the 
river valleys. Turf assemblages in river valleys 
guarantee biodiversity, improve the landscape 
values and have a protective function against sur-
face runoff (Żyszkowska 2003, Jankowska-Hu-
flejt 2007). The characteristic soil types forming 

the landscape of the middle mountains (includ-
ing the Low Beskids) are the initial soils, the oc-
currence of which is, however, mostly limited to 
dorsal rocky outcrops. The soil cover structure is 
dominated by brown soils, among them eutrophic 
brown soils (Skiba 2006).

Soil algae are very important group of soil mi-
croorganisms that can be used as an excellent tool 
for testing the quality of the environment. Due to 
the large amplitude of adaptation to changing en-
vironmental conditions, they are good indicators 
of environmental quality and their activity is very 
important for soil functioning (Metting 1981, Ga-
jda & Przewłoka 2012). 

The algae in terrestrial habitats have been un-
der research worldwide for many years. Attempts 
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ABSTRACT
In the areas of medium mountains, including the landscape of the Low Beskids, turf communities guarantee the 
biodiversity increasing the value of open landscape and protecting soil from erosion. The aim of this study was to 
show the diversity of the diatom communities from the Eunotia and Pinnularia genera developing on soils under 
the conditions of varied landscape use (meadows, pastures, fallow lands). The research was carried out within the 
catchment area of the Ryjak stream in the Magura National Park, together with the buffer zone at three sites. The 
water content varied in the studied soils with fluctuating moisture content depending on the season and the research 
year. On the other hand, the pH values indicated high acidification of the studied soils. The diatomaceous analysis 
showed numerous occurrences of the Eunotia (12 taxa) and Pinnularia (18 taxa) genera. The acid pH of the soil 
undoubtedly favored the development of diatoms of these genera. Most species of the Eunotia and Pinnularia 
genera usually developed individually, except for Pinnularia borealis Ehrenberg and P. obscura Krasske. They are 
typically soil species; therefore, they often dominated in the material and occurred in most of the research seasons. 
Apart from cosmopolitan diatoms, rare or endangered taxa from the Red List of the algae in Poland (Siemińska 
et al. 2006) were also found on soils. Four species belonged to the endangered category (E): Eunotia botuliformis 
F. Wild, Nörpel & Lange-Bert., Pinnularia nodosa (Ehrenberg) Smith, P. schoenfelderi and P. viridiformis Kram-
mer. Canonical analysis (CCA) demonstrated a rather low statistical significance of the impact of environmental 
parameters (pH and humidity) on the differentiation of diatom communities. It only confirmed the fact that diatoms 
develop better in the environment with permanent or at least periodic moisture, compared to the dry habitats.
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are being made to use algae as indicators of the 
changes in the soil environment resulting from 
the use of fertilizers, pesticides, tillage systems 
and varieties of arable crops (Gollerbach & Sztina 
1969, Sieminiak 1998, 2003, Zancan et al. 2006, 
Adesalu et al. 2015). Many scientific works con-
cern the structure and species composition of cya-
nobacteria and green algae (Durrel 1959, 1962, 
Cameron 1960, 1962, Shields & Drouet 1962, 
Hunt & Durrell 1966, Komárek & Fott 1983, Ettl 
& Gärtner 1995, Johansen & Shubert 2001, Zan-
can et al. 2006). Likewise, there are few studies 
on the taxonomy and ecology of soil diatom as-
semblages, although interest in these microorgan-
isms has been increasing in recent years (Hahn 
& Neuhaus 1997, Bérard et al. 2004, Zancan et 
al. 2006, Al-Fredan & Fathi 2007, Kalinowska 
& Pawlik-Skowrońska 2008, Škaloud 2009, He-
ger et al. 2012, Antonelli et al. 2017, Pfister et al. 
2017, Barragán et al. 2018, Foets et al. 2020).

The research on the diversity of the diatom 
communities on various types of agricultural 
soils has also been conducted for several years in 
south-eastern Poland (Stanek-Tarkowska & Noga 
2012a,b, Stanek-Tarkowska et al. 2013, 2015, 
2016, 2017, Noga et al. 2014, 2017). The authors 
show considerable variability in the structure of 
the diatom communities depending on the type of 
soil and its usage.

The aim of this work was to show the diver-
sity of the diatom communities from the Eunotia 
and Pinnularia genera growing on soils under di-
verse landscape use (meadows, pastures, fallow 
lands) in the Low Beskids.

STUDY AREA

The research was carried out in the Magu-
ra National Park with a buffer zone, located in 
the mountainous landscape of the Low Beskids 
with rich flora and fauna, usually associated 
with meadow, pasture and forest habitats. The 
area is covered by special operating principles 
defined by a special nature protection zone. The 
cultural landscape is formed by the remains of 
former Lemko villages. Numerous churches and 
remains of residential buildings are a reminis-
cence of the past culture.

The catchment area of the Ryjak stream is 
43.6 km2 and the natural and forest landscape 
predominates in this area. In the stream valley, 
there are permanent grasslands, i.e. meadows 

and pastures, on ranker soils with browning 
characteristics SQbr (site R1) and on eutrophic 
brown soil BEgg (sites R2, R3) (Skiba 2006, 
Szewczyk 2017). 

A total of 3 study sites were designated on 
soils with different uses, within the catchment 
area of the Ryjak stream: 1) the first site R1 on a 
pasture (N21,465655; E49,425374), 2) the second 
one R2 on a meadow (N21,433175; E49,458211) 
and the third site R3 on fallow land (N21,428535; 
E49,483552).

The R1 site was exposed and sunny, the soil 
was covered with low turf (grazed by cattle), 
stamped with animal hooves. The soil was often 
dry during the vegetation season. The R2 site was 
permanently shaded, the soil was overgrown with 
meadow vegetation (typical for communities in 
the order Arrhenatheretalia elatioris), mown 
once a year or less frequently. After heavy rain-
fall, the groundwater pools overgrowthd with 
mosses in some places. The R3 site can be de-
scribed as intermediate between the pasture (R1) 
and the meadow (R2), with unevenly turf soil 
(ruderal plants grew in some places, and soil was 
exposed in other).

METHODS

The material for diatom research and soil 
physicochemical analysis was collected from 
three sites (R1-R3) twice a year (from spring 
2013 to spring 2019). The sites were designated 
on the soils in the catchment area of the upper, 
middle and lower section of the Ryjak stream. 
The date and method of soil sampling for the 
physicochemical analyses was established on 
the basis of the recommendations of the National 
Chemical and Agricultural Station in Warsaw 
(https://schr.gov.pl/). 

The soil material was taken from pasture, 
fallow land and meadow, from a 5–15 cm layer, 
using a metal spatula, at three randomly selected 
sites, and an in situ combined sample was created 
in 1-liter plastic bags. At the same time, the soil 
samples were taken into 100 cm3 metal cylinders 
from the surface soil layer (5–15 cm) to examine 
the level of soil moisture.

The diatomaceous material was collected ran-
domly at three selected points in each site (ex-
posed, moss-covered, greened), by cutting off a 
10 cm diameter disc to the Petri dish with a se-
lected fragment of the surface soil layer (0–2 cm). 
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Then, a combined sample was prepared in the 
laboratory, ready for preparation, by taking the 
samples with a scalpel (about 1 cm3). The materi-
als were collected according to the methodology 
provided by Stanek-Tarkowska & Noga (2012b) 
and Stanek-Tarkowska et al. (2013).

In the laboratory, the pH was measured us-
ing the potentiometric method in a soil solution 
with distilled water (pH in H2O) (Karczewska & 
Kabała 2008) and the percentage moisture con-
tent after drying at 105°C for 72 hours.

The diatomaceous material was macerated for 
several days in a mixture of K2Cr2O7 potassium 
dichromate and concentrated sulfuric acid VI 
H2SO4 (so-called ‘chromianka’) in a 3:1 ratio. The 
material was then centrifuged in a Thermo Scien-
tific Megafuge 8 laboratory centrifuge at 2,500 r 
× min − 1 for 5 minutes. Microscopic slides were 
prepared from the obtained solution, which were 
closed in Pleurax synthetic resin (refractive index 
1.75). The method of diatom purification and the 
preparation of permanent slides were adopted ac-
cording to Kawecka (2012).

The microscopic slides were determined un-
der a Carl Zeiss Axio Imager A2 light microscope 
using Nomarski interference differential contrast 
(DIC) and a 1.4 planapochromatic lens at 1000 
× magnification. The diatom micrographs were 
taken with using a light microscope (Carl Zeiss 
AxioCam ICc 5 camera) and a HITACHI SU8010 
scanning electron microscope. The diatoms were 
identified using the following keys: Krammer & 
Lange-Bertalot (1986, 1991), Krammer (2000), 

Hofmann et al. (2011) and Lange-Bertalot et al. 
(2011, 2017).

The number of individual diatom taxa was ob-
tained by counting the valves in each preparation, 
in individual fields of view of the microscope, un-
til a total of about 300 valves was obtained.

On the basis of the Red List of the algae in 
Poland (Siemińska et al. 2006) species with dif-
ferent degrees of threat were distinguished. The 
statistical analysis of the impact of environmen-
tal variables on the differentiation of communi-
ties was performed in the Canoco 5.0.3 program 
(Ter Braak, Šmilauer 2012).

RESULTS

The water content in the studied soils of dif-
ferent usage types was variable, and fluctuated 
from 5.6% to 61.9% depending on the season 
and the research year. In the first site, the mois-
ture content ranged from 10.4% in spring 2019 
to 54.8% in autumn 2017, in the second site – 
between 15.5% in spring 2019 and 61.9% in 
autumn 2016, while in the third site – between 
5.6% in spring 2015 and 52.1% in autumn 2017 
(Table 1). 

The pH values indicated high acidification of 
the studied soils, because most soils were char-
acterized by very acid and acid pH(pH: 4.4–5.6). 
Only at the third site, in the years 2013–2014, the 
soil had a neutral pH (pH: 6.2–6.8), Table 1.

During the research carried out in 2013–
2019, on soils with different ways of landscape 

Table 1. The values of pH and soil humidity measured on designated sites (R1-R3) in the Ryjak stream valley in 
13 research seasons (2013–2019)

Year
R1 pasture R2 fresh meadow R3 fallow land

pH [H2O] moisture [%, v/v] pH [H2O] moisture [%, v/v] pH [H2O] moisture [%, v/v]

Spring

2013 5.6 34.5 5.6 29.1 6.5 29.1
2014 5.2 27.7 5.4 53.8 6.2 29.7
2015 5.1 12.0 4.7 26.9 5.1 5.6
2016 4.4 41.0 4.4 18.4 5.3 49.2
2017 4.9 32.1 4.5 46.8 5.1 30.0
2018 4.9 46.1 4.5 47.6 4.9 43.5
2019 5.4 10.4 4.9 15.5 5.3 15.0

Autumn

2013 5.6 15.8 5.6 15.5 6.1 17.5
2014 5.8 46.8 6.3 68.5 6.8 41.7
2015 4.6 44.5 4.7 48.3 5.9 52.5
2016 5.1 49.0 5.2 61.9 5.8 52.7
2017 5.3 54.8 5.3 61.0 5.2 52.1
2018 5.1 50.9 4.6 53.4 5.1 52.2
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Figure 1. Selected diatom species designated in analyzed materials (LM – microphotographs): 1 – Eunotia cf. 
glacialifalsa, 2 – E. superbidens, 3 – Eunotia cf. dorofeyukae, 4 – E. valida, 5 – E. ursamaioris, 6 – E. arcubus, 
7 – E. botuliformis, 8–11 – E. curtagrunowii, 12, 14, 15 – Pinnularia schoenfelderi, 16 ¬ P. silvatica, 17, 18 – 
P. sinistra, 19 – P. intermedia, 20 – P. cuneola, 21–23 – P. obscura, 24, 25 – P. grunowii, 13, 26 – P. marchica, 

27, 28 – P. isselana, 29, 30 – P. frequentis, 31, 32 – P. nodosa, 33–37 – P. borealis, 38 – P. viridiformis, 
39 – P. viridis. Scale bar = 10 µm 

use in the Ryjak stream catchment area, nu-
merous species of the Eunotia (12 taxa) and 
Pinnularia (18 taxa) genera were found. The 
third R3 (8 taxa of Eunotia and 14 taxa of 
Pinnularia) and the second R2 (7 taxa of Eu-
notia and 13 taxa of Pinnularia) sites charac-
terized the largest species diversity, while the 

smallest – the first site R1 (3 taxa of Eunotia 
and 7 taxa of Pinnularia). The highest species 
diversity of diatoms in both determined gen-
era was found in 2018, especially at sites R2 
and R3 (Table 2). Selected diatom micropho-
tographs, both LM and SEM, are presented in 
Figures 1–3.
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Table 2. The list of taxa and abundance of diatoms from the Pinnularia and Eunotia genus found at individual sites 
(R1–R3) in 2013–2019 along with cell dimensions (length-width), number of striae (s) and areole (a) in 10 μm and 
categories of threats given in square brackets [according to Siemińska et al. 2006]

Year 2013 2014 2015 2016 2017 2018 2019
Name of taxa                                                                         
Study sites R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3

Eunotia arcubus Nörpel & 
Lange-Bertalot
(31.3x6.4; s:8 n=1)

0
0

0
0

0
0

0
0

0
2

1
0

0
0

0
0

0
0

0
0

1
0

0
0

0
0

0
0

0
1

0
0

0
0

0
0 0 0 0

Eunotia botuliformis F. Wild, 
Nörpel & Lange-Bertalot [E]
(14–21.4×2.1–4.1; s: 16–21; a: 
40–45;  n=10)

0
0

0
0

0
0

0
0

3
1

0
0

0
2

1
4

0
1

0
0

5
0

0
0

0
0

0
0

0
0

0
0

0
7

0
1 0 3 0

Eunotia curtagrunowii Nörpel-
Schempp & Lange-Bertalot 
(10.3–29.5×5.2–6.9; s: 8–15; a: 
34–36; n=11)

0
0

0
0

0
0

0
0

2
12

0
0

0
0

3
0

0
0

0
0

10
0

0
0

0
1

14
5

0
0

0
0

3
14

0
8 0 1 0

Eunotia meisteri Hustedt [I] 0
0

0
0

0
0

0
0

0
0

1
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0 0 0 0

Eunotia nymanniana Grunow
(23.7×2.6; s.20; n=1)

0
0

0
0

0
0

0
0

0
0

1
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0 0 0 0

Eunotia paludosa Grunow [V] 0
1

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0 0 0 0

Eunotia superbidens Lange-
Bertalot
(55.4×13.6; s: 10.5; n=1)

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
2

0
0 0 0 0

Eunotia ursamaioris Lange-
Bertalot & Nörpel-Schempp
(32.3x5.9; s:16 n=1)

0
0

0
0

0
0

0
0

0
0

1
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0 0 0 0

Eunotia valida Hustedt [I]
(37.4–54.5×3.7–5.0; s: 12–13; 
n=2) 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
4

0
0 0 0 0

Eunotia cf. dorofeyukiae 
Lange-Bertalot & Kulikovskiy 
(26.2–40.4×5.8–6.5; s: 13–15 
(18 SEM); a: 34–36; n=7)

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
1

0
0

0
0

5
3

15
8 0 0 0

Eunotia cf. glacialifalsa Lange-
Bertalot 
(93.8×4.4; s: 11; n=1)

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
1 0 0 0

Eunotia cf. groenlandica 
(Grunow) Nörpel-Schempp & 
Lange-Bertalot 
(26.6–47.7×3.8–4.2; s: 13–15; 
a: 35;  n=2)

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
2

0
0 0 0 0

Pinnularia appendiculata (C. 
Agardh) Schaarschmidt 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

1
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0 0 0 0

Pinnularia borealis  Ehrenberg 
(19.8–47.5×5.6–11.0; s: 5–7; 
n=31)

20
7

24
2

16
3

5
0

6
0

0
0

19
11

54
16

12
21

23
61

43
0

0
29

50
15

7
19

0
83

1
7

12
24

13
1 76 59 47

Pinnularia borealis var. 
sublinearis Krammer 
(26.6×5.9; s: 6; n=1)

1
0

0
0

0
0

0
37

1
7

0
11

0
0

0
0

0
0

0
0

0
0

0
0

8
0

0
0

0
0

0
0

0
0

0
0 0 2 0

Pinnularia cuneola Reichardt 
(15.8–26×4.8–6.8; s: 13–14; 
n=4)

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

9
0

0
0

0
0

0
0

0
0

0
0

0
0 0 0 6

Pinnularia frequentis Krammer 
(43.6–59.7×8–9.7; s: 10–11; 
n=9)

0
0

0
0

0
0

0
0

0
11

0
9

0
0

0
0

0
0

0
0

1
0

0
0

0
0

1
0

0
2

0
0

5
0 0 0 3 0

Pinnularia grunowii  Krammer 
(36.7×7.7; s: 12; n=1)

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
9 0 0 0

Pinnularia intermedia 
(Lagerstedt) Cleve 
(22.1×5.6; s: 8 n=1)

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
3 0 0 0

Pinnularia isselana Krammer 
(30.4–56.8×6.3–10.3; s: 10–13; 
n=10)

1
0

0
0

0
0

0
0

2
0

1
3

0
0

1
0

0
0

0
0

0
0

0
0

0
0

2
1

0
0

0
0

0
0

1
28 0 0 1
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The species of the Eunotia genus occurred in-
dividually in most sites, none of them dominated 
in the diatoms assemblage. Only E. curtagrun-
owii Nörpel-Schempp & Lange-Bertalot (Fig. 1: 
8–11, Fig. 2: 51–52) was identified in a larger 
number of valves (8–14) in 2014 and in the years 
2016–2018, always in second site (R2). In the 
spring of 2018, Eunotia cf. dorofeyukae Lange-
Bertalot & Kulikovskiy (15 valves) developed 
abundantly on the third site (R3), Table 2, Fig. 1: 
3, Fig. 2: 53, 54. 

The species of the Pinnularia genus were 
more abundant than species of the Eunotia 
genus. Two species – Pinnularia borelis Eh-
renberg (Fig. 1: 33–37, Fig. 2: 44, Fig. 3: 53, 
54) and Pinnularia obscura Krasske (Fig. 1: 
21–23, Fig. 3: 69) – dominated in different re-
search seasons, reaching more than 50 valves 
in the diatoms assemblage. Pinnulara obscu-
ra more often dominated in autumn and cre-
ated the largest populations at R3 in 2017 (79 

valves). Pinnularia borealis also occurred most 
frequently in autumn in the third study site (R3) 
in 2017 (83 valves), however, it was more often 
the dominant species in spring. Other species 
of the Pinnularia genus were usually found in 
the form of single cells, only Pinnularia borea-
lis var. sublinearis Krammer, Pinnularia isse-
lana Krammer (Fig. 1: 27, 28, Fig 2: 41, Fig. 3: 
57,60) and Pinnularia marchica Schönfelder 
(Fig. 1: 13,26, Fig. 2:46, Fig. 3: 67, 68) were 
found in individual research seasons in larger 
numbers, i.e. more than 20 valves in the assem-
blage (Table 2).

Some diatoms, e.g. Eunotia curtagrunowii, 
Pinnularia borealis, P. cuneola Reichardt 
(Fig. 1: 20, Fig. 2: 47 or P. sinistra Krammer 
(Fig. 1: 17, 18, Fig. 2: 43, Fig. 3: 65, 66), had 
smaller dimensions (both in length and width), 
compared to the literature data. Others – Eu-
notia cf. dorofeyukae and Pinnularia schoen-
felderi (Hustedt) Krammer (Fig. 1: 12, 14, 15) 

Year 2013 2014 2015 2016 2017 2018 2019
Pinnularia marchica 
Schönfelder 
(23.3–28.6×4.7–5.3; s: 12–14; 
n=4)

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
5

0
20 0 0 0

Pinnularia microstauron 
(Ehrenberg) Cleve [V]
(61.7×10; s: 11; n=1) 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
1 0 0 0

Pinnularia nodosa (Ehrenberg) 
Smith [E]
(32.4–66×5.8–8.5; s: 10–12; 
n=5)

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
3

0
4 0 0 0

Pinnularia obscura Krasske 
(14.8–26.6×3.5–4.8; s: 10–16; 
n=18)

24
8

23
0

64
5

11
28

2
11

7
10

8
7

3
3

3
10

1
7

3
0

4
6

9
50

10
14

8
79

7
1

2
5

0
56 47 13 27

Pinnularia schoenfelderii 
(Hustedt) Krammer [E]
(18.4–27.5×3.6–5.2; s: 14–17; 
n=6)

1
0

0
0

0
0

4
1

1
3

0
11

0
10

0
1

0
1

0
0

6
0

0
0

0
0

0
0

0
0

0
0

0
2

0
0 0 0 0

Pinnularia silvatica Petersen
(17.4–19.4×3.5–3.8; s: 20–24; 
n=6) 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
1

0
0

0
0

0
0

0
1 0 0 0 0

Pinnularia sinistra Krammer 
(9.8–40×3.8–5.0; s: 10–14p; 
n=8)

1
0

0
0

0
0

0
1

0
0

0
0

2
0

1
0

0
0

0
1

0
0

0
0

0
1

2
9

2
6

0
0

0
7

0
7 2 5 0

Pinnularia viridiformis Krammer 
[E]
(88.8–117.6× 13.8–15.8; s: 
8–9; n=2) 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
3 0 0 0 0

Pinnularia viridis (Nitzsch) 
Ehrenberg
(136.8×22.1; s: 7; n=1)

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
1 0 0 0 0

Pinnularia cf. rabenhorstii var. 
franconica Krammer 
(43×11; s: 5; n=1)

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0 0 0 2

Categories of threats: E – Endangered, V – Vulnerable, I – Indeterminate; n – means the number of specimens 
measured; Numbers in black represent the number of taxa in spring, while in red – in autumn.

Table 2. cont.
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– were often much narrower compared to the 
literature.

The research conducted in the years 2013–
2019 on the diversity of the soil diatom com-
munities in the Ryjak stream valley showed the 
occurrence of 8 taxa inscribed in the Red List 
of the algae in Poland (Siemińska et al. 2006) 
in various categories of threat. Half of them are 
included in the endangered category (E): Euno-
tia botuliformis F. Wild, Nörpel & Lange-Bert. 
(Fig. 1: 7, Fig. 2: 48, 49), Pinnularia nodosa 
(Ehrenberg) Smith (Fig. 1: 31, 32, Fig. 3: 58, 
59), P. schoenfelderii and P. viridiformis Kram-
mer (Fig. 1: 38, Fig. 3: 61, 62). The others are 

diatoms from the Vulnerable (V) category: Eu-
notia paludosa Grunow and Pinnularia micro-
stauron (Ehrenberg) Cleve (Fig. 2: 42, Fig. 3: 
63, 64), and from the Indeterminate category 
[I]: Eunotia meisteri Hustedt and E. valida 
Hustedt (Table 2) – Fig. 1: 4.

In the spring of 2016 and 2019, Pinnularia 
cuneola appeared in the third site (R3) (6–9 
valves in the preparation, Table 2). So far, it 
has not been reported from soils, and the site 
in the Low Beskids is still the second place of 
occurrence in Poland.

In order to investigate the impact of pH 
and habitat moisture on the differentiation of 

Figure 2. Selected diatom species designated in analyzed materials (SEM – microphotographs): 40 – Pinnularia 
cf. silvatica (scale bar = 5 µm), 41 – P. isselana (scale bar = 10 µm), 42 – P. microstauron (scale bar = 20 µm), 
43 – P. sinistra (scale bar = 10 µm), 44 – P. borealis (scale bar = 10 µm), 45 – P. obscura (scale bar = 10 µm), 

46 – P. marchica (scale bar = 10 µm), 47 – P. cuneola (scale bar = 5 µm), 48, 49 – Eunotia botuliformis 
(scale bar = 5 µm), 50 – Eunotia cf. groenlandica (scale bar = 20 µm), 51, 52 – E. curtagrunowii 

(scale bar 51= 10 µm, 52 = 5 µm), 53, 54 – Eunotia cf. dorofeyukae (scale bar = 20 µm) 
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diatom communities, canonical analysis (CCA) 
was performed. These variables are statistically 
significant (p <0.05). The analysis did not re-
veal high statistical significance (for the pH it 
explains 6% variability, for humidity: 4.7%).

The relationships between the environmen-
tal parameters and the diatom communities 
at individual sites are shown in Figure 4. The 
analysis shows that the communities were more 
affected by humidity in 2016–2018 in most sea-
sons. It was also associated with greater devel-
opment of taxa such as Pinnularia borealis and 
Pinnularia obscura in these years (Table 2), 
especially in autumn. This is also confirmed 
by the level of soil moisture, which in these 
seasons oscillated between 32.1 and 49.2% in 
spring and between 49.0 and 61.9% in autumn 

(Table 1). Similar values were also recorded at 
individual sites in 2014 and 2015, but no in-
crease in the number of taxa was observed, in-
cluding the most numerous ones i.e. Pinnularia 
borealis and P. obscura.

DISCUSSION

The soils at the studied sites in the Magura 
National Park and the buffer zone were usually 
characterized by a high level of moisture, espe-
cially in autumn. The lowest moisture content 
was found in soils in the spring of 2015 and the 
autumn of 2013. In the first case, the material was 
collected in late spring, when there was no rain-
fall for a long time, while 2013 was designated 

Figure 3. Selected diatom species designated in analyzed materials (SEM – microphotographs) – details of valve 
structures: 55, 56 – Pinnularia borealis, 57, 60 – P. isselana, 58, 59 – P. nodosa, 61, 62 – P. viridiformis, 

63, 64 – P. microstauron, 65, 66 – P. sinistra, 67, 68 – P. marchica, 69 – P. obscura. 
Scale bar = 5 µm, but 68, 69 = 4 µm
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by prolonged drought in summer. Therefore, in 
these years the moisture level was the lowest dur-
ing the seven-year study period. Many authors 
report that the level of moisture in the upper soil 
layer (0–10 cm) as well as the water supply and 
its availability for plants depend on the amount of 
precipitation (Krążel 1990, Pudełko et al. 1994, 
Ignaczak 1998, Włodek et al. 2007). Banach et 
al. (2015) reports the level of moisture content in 
brown soils, rendzinas, chernozems and rankers 
from the Lublin region in the range of 7–28%. 
Very low humidity (1.9–6.0%) was measured 
in sandy soils near Tarnów (Stanek-Tarkowska 
et al. 2016a), while the level of moisture on the 
clay soils near Rzeszów (Stanek-Tarkowska et 
al. 2017) was comparable to the results obtained 
from the Lublin region (11.3–33.8%).

The soils at the sites in the Ryjak stream val-
ley were acidic or slightly acidic in all the research 
seasons. The third site (R3) was characterized by 

slightly higher pH values, especially in 2013–
2014 (pH >6) compared to the other two sites (R1 
and R2). Similar pH values were measured for 
arable land and fallow land soils in other areas 
of south-eastern Poland. Clay soil under winter 
wheat and oats in Kosina near Rzeszów was char-
acterized by an acidic pH (4.9–5.9), while san-
dy soil for spring wheat in Pogórska Wola near 
Tarnów was acidic or slightly acidic (pH: 4.8–6.4) 
(Stanek-Tarkowska et al. 2016, 2017). The lowest 
pH values (4.1–5.3) were recorded on the fallow 
soil in Pogórska Wola (Stanek-Tarkowska et al. 
2015). Only dust soils under maize cultivation in 
Dąbrowa and Boguchwala near Rzeszów had a 
slightly acidic or neutral pH (5.8–7.2) (Stanek-
Tarkowska & Noga 2012a, b). In Poland, almost 
80% of arable land is acidified to a varying degree 
(very acidic – 29%, acidic – 28% and slightly 
acidic – 24%) and only about 20% are neutral or 
alkaline soils (Siebielec et al. 2017).

Figure 4. Diagram of canonical analysis (CCA) of the influence of pH and humidity of soil on the differentiation 
of diatom communities in individual sites (R1–3). Red color means spring season, while black – autumn
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The acidic pH of the soils in the Magura 
National Park and the buffer zone undoubtedly 
promotes the development of diatoms from the 
Eunotia and Pinnularia genera. Both genera 
prefer the environments associated with natural 
acidification, oligo- and dystrophic waters, usu-
ally with low electrolyte content, in which often 
(especially the species of the Eunotia genus) are 
indicators of very good water quality (Krammer 
2000, Hofmann et al. 2011, Lange-Bertalot et al. 
2011, 2017). 

Most species of the Eunotia and Pinnularia 
genera usually developed individually on the 
studied soils, with the exception of Pinnularia 
borealis and P. obscura, which occurred in most 
of the research seasons and were often dominant. 
These are cosmopolitan species commonly found 
in various types of habitats, including soils, moist 
walls, rocks, among mosses and other periodi-
cally drying environments (Van Dam et al. 1994, 
Ettl & Gärtner 1995, Krammer 2000, Lange-Ber-
talot et al. 2017). Both species often occur also in 
Poland (Siemińska & Wołowski 2003), in south-
eastern Poland they are identified in most of the 
studied rivers and streams; however, they usu-
ally develop individually (Noga et al. 2014a, b). 
They formed more numerous populations on soils 
(most often on cultivated, but also fallow land) in 
south-eastern Poland and often dominated in the 
diatom communities (Stanek-Tarkowska & Noga 
2012a, b, Stanek-Tarkowska et al. 2015, 2016). 
Pinnularia borealis was also one of the main 
dominants among mosses growing on the bark of 
trees (Rybak et al. 2018).

Numerous development of Pinnularia borea-
lis and P. obscura on soils in the Low Beskids 
in many research seasons, definitely confirms that 
they are typically soil species. Other diatoms of 
the Pinnularia genus usually occurred individu-
ally and the number of some species increased 
slightly on rare occasions (up to a dozen or sever-
al dozen cells on the site). The performed statisti-
cal analysis showed a certain correlation between 
the numerous development of these species at the 
studied sites and the increase in the level of mois-
ture. Foets et al. (2020) indicated that diatoms 
have a number of features, including morpho-
logical ones that allow them to adapt to dynamic 
(daily, seasonal) changes in the environment, e.g. 
to the changes in moisture content. Therefore, in 
order to clarify this statistical relationship, further 
in-depth research on the ecology of these species 
is needed. 

Species such as: Pinnularia frequentis, P. is-
selana or P. marchica were described for the first 
time in 2000, and their ecology (among others due 
to the rare occurrence) is still poorly understood 
(Krammer 2000). This research shows that they 
can also successfully grow on soils, especially 
those covered with mosses, but they do not form 
mass populations. Pinnularia isselana is known 
for oligotrophic waters with low electrolyte con-
tent (Krammer 2000, Hofmann et al. 2011). On 
the investigated soils, it occurred most frequently 
on the R3 site (28 valves) in 2018 at low pH and 
high moisture. 

Many diatoms, both of the Pinnularia and Eu-
notia genera, reached smaller cell sizes in the ma-
terial compared to the literature data. Especially 
Eunotia curtagrunowii often appeared in the form 
of very small specimens and many valves were 
shorter and narrower compared to the dimensions 
contained in the key (Lange-Bertalot et al. 2011). 
Eunotia curtagrunowii in the designated sites was 
one of the most frequently identified diatoms of 
its genus. Moreover, Holarctic is one of the most 
common species of the Eunotia genus. It prefers 
oligotrophic springs, marginal parts of peat bogs, 
dystrophic lakes and wet bryophytes. In all habi-
tats, it occurs at low pH and low electrolyte con-
tent (Lange-Bertalot et al. 2011). On the studied 
soils, it was most abundant on the R2 site, which 
was covered with mosses in places. E. dorofeyu-
kae, which in the studied material was designated 
as Eunotia cf. dorofeyukae, is characterized by a 
similar ecology due to high morphological vari-
ability and the presence of much narrower valves 
in most of the cells found (5.8–7.8 μm and not 
7–8.5 μm as reported by Lange-Bertalot et al. 
2011). The species requires further investigation 
in the future, but the observations carried out so 
far indicate that in a soil environment with un-
stable conditions (e.g. frequent lack of water or 
even prolonged drought), many cells reach much 
smaller sizes and become clearly dwarfish.

In addition to cosmopolitan diatoms, wide-
spread in various habitats, there are also rare or 
endangered taxa, included in the Polish Red List 
of the algae in Poland (Siemińska et al. 2006). 
Four species from the endangered category were 
found (E): Eunotia botuliformis, Pinnularia no-
dosa, P. viridiformis and P. schoenfelderi. 

Eunotia botuliformis has an optimum occur-
rence in silicate lowland streams, where it de-
velops in large numbers. It prefers undisturbed 
anthropogenic, oligotrophic or dystrophic, less 
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mineralized waters (Hofmann et al. 2011, Lange-
Bertalot et al. 2011, 2017). Eunotia botuliformis 
is also known from Poland, from springs in the 
Eastern Tatra Mountain and the Beskid Sądecki 
(Wojtal 2013). It occurs individually in the Pod-
karpackie region in aquatic habitats (Noga et al. 
2014b); so far, it has not been identified on soils.

Two Pinnularia species – P. schoenfelderi 
and P. viridiformis – are probably cosmopolitan 
diatoms, dispersed in oligo- to dystrophic waters, 
with low to medium electrolyte content (Kram-
mer 2000, Lange-Bertalot et al. 2017). Pinnu-
laria schoenfelderi is also less common in wet 
and humid places (Van Dam et al. 1994). They 
are known in Poland, where they occur individu-
ally in different types of waters, especially oligo-
trophic, and often in springs or upper sections of 
streams (Noga et al. 2014b, Pajączek et al. 2015). 
They are rarely found on soils – Pinnularia viridi-
formis always occurs singly (Stanek-Tarkowska 
et al. 2015, 2016), whereas P. schoenfelderi usu-
ally develops singly (Pajączek et al. 2015, Stanek-
Tarkowska et al. 2015, 2016); however, on sandy-
loam soils in Kosina near Rzeszów, it was numer-
ous (5–20%) and dominant (Stanek-Tarkowska et 
al. 2017). Both species were included on the Red 
List of the algae in Poland (Siemińska et al. 2006) 
as endangered (category E). However, the research 
conducted in recent years in south-eastern Poland 
shows that the species are commonly found in dif-
ferent types of habitats, usually individually, while 
P. schoenfelderi is more often developing outside 
the aquatic environment, especially on soils. For 
this reason, it appears that these diatoms should 
not be assigned to the category of endangered spe-
cies, but recognized as rare species. However, fur-
ther research is needed, especially in various ter-
restrial habitats, which would allow for changing 
the threat category and extending the ecological 
preferences of these species. 

Pinnularia nodosa – a species widespread in 
Central Europe in flowing waters, peat bogs and 
ecosystems with low electrolyte content and pH 
below 5.5 – was also found in the endangered 
category (E). It rarely develops in large numbers, 
especially in periodically wet or humid environ-
ments (Van Dam et al. 1994, Krammer 2000, 
Hofmann et al. 2011, Lange-Bertalot et al. 2017). 
The species is also known from springs in central 
and southern Poland (Żelazna-Wieczorek 2011, 
Wojtal 2013) and from several sites in the Pod-
karpackie province (Noga et al. 2014a, b), but 
it was not reported in soils. This research shows 

that it can also develop in soil environments, es-
pecially on acidic and mossy soils.

An interesting species is Pinnularia cuneo-
la, which occurred individually only on site R3. 
The species is known from a few locations in 
the world, including puddles in Germany, Alpine 
lakes and the USA (Krammer & Lange-Bertalot 
1986, Krammer 2000). Pinnularia cuneola is 
mentioned in the taxa lists from Romania (Caraus 
2017) and the Netherlands (Veen et al. 2015). It 
was also found in a small puddle in Stalowa Wola 
(Rybak et al. 2019). Until now, the species has 
not been reported in soils, and studies have shown 
that it can also develop in this habitat, especially 
on sthe oils covered with mosses.

The conducted studies showed a large variety 
of diatom communities developing in the terres-
trial environment, under the conditions of var-
ied landscape use. The natural landscape of the 
Low Beskids is conducive to the occurrence of 
many common species, but is also a refuge for 
rare species, not yet recorded or even considered 
as endangered. The diatom studies and labora-
tory analyses of environmental parameters have 
shown a great need to expand the studies on the 
diatom communities of terrestrial habitats. Other 
authors also believe that the current studies con-
ducted on the terrestrial diatom communities are 
still incomplete (Antonelli et al. 2017).
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