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Abstract
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(Bacillariophyceae, Ochrophyta) in freshwater habitats on Vranica mountain (Bosnia and
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In this paper diversity and new records of species from the genus Eunotia in freshwater habitats
from Vranica mountain are presented. During our research for this study 22 species were iden-
tified. Comparing our results with publications by various authors who have explored algae in
Bosnia and Herzegovina, there is not any data about the presence and distribution of four
species. Newly recorded species for the flora of algae of Bosnia and Herzegovina were listed
as follows: Eunotia curtagrunowii, Eunotia implicata, Eunotia mucophila and Eunotia sub-
herkiniensis. Data about identified species as well as their distribution and ecological charac-
teristics are presented in this paper. Physical and chemical characteristics of freshwater habitats,
where rare and endangered species occurred, are described. Mountain springs, streams and
peatlands represent suitable habitats for species from the genus Eunotia. Since they provide
optimal conditions for rare and endangered species in the future they should be included in con-
tinuous monitoring.
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Introduction

The genus Eunotia (Bacillariophyceae, Ochrophyta) includes freshwater species which
inhabit mainly oligotrophic waters (Glushchenko & Kulikovskiy 2017). Diatoms belong-
ing to this genus are characterized by having short and rudimentary raphes on both valves
of a cell or on only one valve for a few diatoms. Valves bent along the apical axis and dor-
siventral are symmetrical to the transapical axis, or asymmetrical for a few diatoms.
Terminal nodule is evident on the apex. Typically, two large plastids of plates form in the
cytoplasm (Joh 2011). Numerous species of this genus are widely distributed in the world
flora (Bukhtiyarova 2019). According to Guiry & Guiry (2020), species from the genus
Eunotia are widely distributed all over the world and there are 1005 species names in the
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database at present. Diatoms of the genus Eunotia occur only in freshwaters, and in olig-
otrophic or dystrophic waters as periphytic or benthic. They have been mainly described
from the Northern Hemisphere and diverse species are commonly well represented in trop-
ical regions - Amazonian area and other tropical regions (Joh 2011). Eunotia species are
important indicators of very good ecological quality and are strongly linked to naturally
acid, oligotrophic or dystrophic habitats. Some species are excellent indicators of different
degrees of anthropogenic acidification (Cantonati & al. 2017). Species from the genus
Eunotia in Bosnia and Herzegovina are reported from the different microhabitats, but there
is no comprehensive checklist. Data about diversity and distribution can be found in vari-
ous publications (Karlinski 1896; Proti¢ 1897, 1903, 1904, 1906, 1907, 1908, 1920
1921/1922b, 1924, 1925, 1926, 1927, 1928a, 1928b, 1928c; Gutwinski 1902; Blagojevi¢
1966, 1974; Jerkovi¢ 1985; Hafner 1991; Hafner & Mirkovi¢ 2008; Hafner & Jasprica
2013; Hafner & al. 2013, 2015; Kapetanovi¢ & Hafner 2007; Kapetanovi¢ & al. 2011;
Kamberovi¢ & Barudanovi¢ 2012; Kamberovi¢ & al. 2013; Barudanovi¢ & al. 2014; Dedi¢
& al. 2015; Karasulji¢-Ibrovi¢ 2017; Durakovi¢ 2018; Masi¢ 2018, Tomovi¢ & al. 2020).

The main aim of this study was to investigate the richness of diatoms from the genus
Eunotia on Vranica mountain (Bosnia and Herzegovina), with two specific aims as follows:

- establishment of a comprehensive checklist of diatoms from the genus Eunotia in
Bosnia and Herzegovina with a description of general data about morphology, ecology and
distribution of identified taxa (Table 3);

- establishment of a database which will be used for the future monitoring of biodiver-
sity of this very interesting group of algae.

This paper also contains notes about new records for Bosnia and Hercegovina and new
distributional data for selected taxa from the genus Eunotia.

Materials and Methods

Analysis of physical and chemical parameters

Physical and chemical parameters of water were measured directly on sampling sites.
Water temperature, pH, dissolved oxygen and specific electric conductivity were measured
with portable multimeter Orion Star A329, while turbidity was measured with Portable tur-
bidimeter AQ3010 and total dissolved solids (TDS) with PCE-CM 41.

Collection and processing of phytobenthos

Live algological material was collected from five freshwater habitat types and transported to
the Laboratory for the study of the systematics of algae and fungi, Department of Biology,
Faculty of Science, University of Sarajevo. Samples of phytobenthos were collected from dif-
ferent types of substrates: epilithon, periphyton and epipelon. Sample from submerged stones
was collected by scraping with a scalpel blade or brushing the upper surface of submerged
stones. Periphyton samples contained non-washed parts of submerged macroalgae and macro-
phytes. Epipelon samples were collected from the uppermost layer of mud with a spoon or
pipette aspirator. The collected material was fixed with a 4% formalin. Laboratory processing
of diatoms was carried out by applying methods used by Hustedt (1930). In order to obtain pure
valves of diatoms, part of the obtained material was digested with sulfuric acid (H,SO,), potas-
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sium permanganate (KMnO,) and oxalic acid (C,H,0,). The cleaned valves of diatoms are
then mounted in a Canada balsam. Species composition is estimated from the permanent slides
under 1000x magnification using light microscope Best Scope 2020. The identification of
diatoms was supported by the following references: Lange-Bertalot & Metzeltin (1996) and
Cantonati & al. (2017). The nomenclature of identified diatoms species was adjusted according
to the following internet base: Guiry & Guiry 2020). Omnidia software (Lecointe & al. 1993)
version 6.0.8, was used to assess ecological and taxonomic data. Measurements of diatom frus-
tules were taken using Omnidia database (Lecointe & al. 1993).

Study area

The material for this study was collected from reocren springs, small creeks, streams and
also from the lake and peatlands which are located on Vranica Mountain (Tab. 1). Sampling
was performed during the summer and autumn seasons in 2018 and 2019. Detailed data
about topography and syntaxonomic diversity on Vranica mountain are described in various
publications (Redzi¢ 2007; Dreskovi¢ & Miri¢ 2017). The position of the studied area is
shown on the map (Fig. 1).

Table 1. The main physical characteristics of sampling
sites (Sample Code: MSPR — Mountain spring, MCRE
— Mountain creek, MSTR — Mountain stream, MLAK
— Mountain lake, MPEA — Mountain peatlands)

Site Sample Latitude Longitude Altitude
Code

1 MSPR2  43.97906 17.18250 823

2 MSPR4 4395568 17.75337 1658
3 MSPR7  43.95706 17.74427 1732
4 MSPR8  44.00941 17.78703 1403
5 MSPR10 43.95346 17.75755 1675
6 MSPR11 4395131 17.76064 1761
7 MCRE7  43.95353 17.75757 1682
8 MCRE8  43.95361 17.75761 1677
9 MSTR3  43.96792 17.77601 1214
10 MSTR4 4396791 17.77615 1210
11  MSTRS8  43.97324 17.78249 1091
12 MSTRY9  43.97333 17.70276 1074
13 MLAKI1 4395846 17.75626 1636
14 MLAKS 43.95641 17.75510 1636
15  MLAKI1 43.95696 17.75564 1636
16 MPEA1 4395194 17.75807 1714
17  MPEA2 4395192 17.75827 1714
18  MPEA3 4395135 17.76056 1755
19 MPEA4 4395134 17.76057 1755
20 MPEAS 4395133 17.76061 1755
21 MPEA6 4395131 17.76065 1755
22 MPEA7 4395754 17.75866 1633
23 MPEA8  43.95750 17.75868 1634
24  MPEA10 4395742 17.75880 1634

N
W

MPEAI11 43.95137 17.76060 1761
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Fig. 1. Position of studied area (Vranica mountain)
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Results

A. Analysis of physical and chemical parameters of water

A comparison of the physical and chemical parameters of water in the freshwater habitat
types on Vranica mountain (Tab. 2) revealed the following: the water temperature on sam-
pling sites varied from 6.2 (site 7) to 22.20 °C (site 13) during the period of examination.
The lowest pH of the water was 4.16 while the highest pH value was 8.57. The smallest
concentration of dissolved oxygen in the water was measured at site 24 (6.47 mgL!), while
the highest value was measured at site 7 (10.85 mgL!). The value of specific conductivity
varied from 19.59 to 600.8 uScm!. The lowest value of turbidity was measured at site 3
(0.04 NTU), while at site 17 the highest value of turbidity was measured (2.81 NTU). The
value of total dissolved substance varied from 36 to 190 ppm. The results of physical and
chemical parameters are presented in Table 2.

Table 2. Value of water temperature, pH, dissolved oxygen, specific electric conductivity, turbidity
and TDS [T1 — water temperature, DO — dissolved oxygen, SC — specific electric conductivity, T2 —
turbidity, TDS — total dissolved substance]

Site Sample T1 pH DO SC T2 TDS
Code [°C] [mgL'] [pSem™] [NTU] [ppm]
1 MSPR2 14.50 6.90 N/a 73.0 N/a 51.0
2 MSPR4 13.40 8.18 7.98 N/a 491 N/a
3 MSPR7 10.00 8.54 8.81 220.9 0.04 117
4 MSPRS 11.80 6.47 9.31 48.52 0.45 51.0
5 MSPR10 7.00 8.01 9.00 165.3 1.21 129
6 MSPR11 8.30 6.36 8.61 19.59 0.57 41.0
7 MCRE7 6.20 7.97 10.85 161.8 1.12 N/a
8 MCRES 5.90 8.11 10.42 164.9 1.88 N/a
9 MSTR3 11.70 8.42 9.40 193.8 0.59 159
10 MSTR4 11.70 8.41 9.50 201.2 0.92 157
11 MSTRS 13.40 8.47 9.23 199.9 0.54 152
12 MSTR12 10.60 8.22 8.86 251.2 0.90 146
13 MLAKI1 22.20 8.20 7.93 150.7 3.36 N/a
14 MLAKS5 20.20 8.57 9.94 201.2 1.73 N/a
15 MLAKI11 18.00 8.29 8.18 170.5 0.70 190
16 MPEA1 N/a N/a N/a N/a N/a N/a
17 MPEA2 17.50 4.16 7.28 600.8 868 495
18 MPEA3 19.00 5.29 6.92 50.52 620 121
19 MPEA4 18.30 5.47 7.00 43.09 73.8 46.0
20 MPEAS 18.30 5.67 7.00 43.09 617 43.0
21 MPEAG6 16.00 5.75 7.82 33.74 588 38.0
22 MPEA7 9.10 7.11 8.27 147.1 68.3 36.0
23 MPEASR 9.10 7.14 7.28 171.4 8.58 133
24 MPEA10 8.00 5.17 6.47 170.3 278 N/a

[N}
()]

MPEAL11 7.60 593 7.69 22.44 20.3 47.0
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B. Taxonomical part

During research for this study 22 species from the genus Eunotia were identified.
Comparing results from this study with publications by various authors who have explored
algae in Bosnia and Herzegovina, for four species there is not any data. Newly recorded
species are: Eunotia curtagrunowii, Eunotia implicata, Eunotia mucophila and Eunotia
subherkiniensis. The new species were found in reocren spring, stream and peatlands.
Detailed characteristics about the identified species from the genus Eunotia, distribution
and ecological preferences will be presented further in this work.

Eunotia arcubus Norpel & Lange-Bertalot

Syn. Eunotia arcus var. bidens Grunow in Van Heurck

Dimensions: Length 14-95 um; Width 4-9 um. Striae: 8-12/10 um. Puncta: 30-32/10 um.
Distribution in freshwater habitats on Vranica mountain: Mountain lake (MLAKI,
MLAKI11).

Distribution in Bosnia and Herzegovina: Hafner & Mirkovi¢ 2008; Masi¢ 2018.

Optimal environmental conditions: Occurring in carbonate-rich, oligo- to mesotrophic
lakes and springs, very rare in running waters. Studies on the occurrence of E. arcubus in
springs (Cantonati & al. 2012) and lakes on carbonate substratum suggest that E. arcubus
prefers low light and very low flow conditions (Cantonati & al. 2017).

General distribution and ecology: According to Van Dam & al. (1994), an aquatic to
aerophilic, sensitive N-autotrophic, neutrophilic, halophobe, oligosaprobe and oligo-
mesotrophic species.

Conservation status: According to Red List (Lange-Bertalot & Steindorf, 1996), this
species is at risk (G).

Eunotia arcus Ehrenberg

Dimensions: Length 19-115 um; Width 6-11 um. Striae: 11-14/10 um. Puncta: 30-36/10 um.
Distribution in freshwater habitats on Vranica mountain: Mountain spring (MSPR4).
Distribution in Bosnia and Herzegovina: Proti¢ 1897; Gutwinski 1902; Proti¢ 1903; Proti¢
1906; Proti¢ 1907; Proti¢ 1908; Protiv 1921/1922b; Proti¢ 1925; Proti¢ 1926; Proti¢ 1927,
Proti¢ 1928a; Proti¢ 1928; Proti¢ 1924; Karlinski 1896; Hafner 1991; Hafner & Mirkovié
2008; Kamberovi¢ & Barudanovi¢ 2012; Hafner & al. 2013; Kamberovi¢ & al. 2013;
Dedi¢ & al. 2015; Karasulji¢-Ibrovi¢ 2017; Masi¢ 2018.

Optimal environmental conditions: Abundant in undisturbed oligo - to dystrophic habitats
(Cantonati & al. 2017).

General distribution and ecology: Rather rare, in contrast to northern and eastern
Europe and the siliceous Alps (Cantonati & al. 2017). According to Van Dam & al.
1994, an aquatic to aerophilic, sensitive N-autotrophic, neutrophilic, halophobe,
oligosaprobe and oligo-mesotrophic.

Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), this
species is highly endangered (2).

Eunotia bilunaris (Ehrenberg) Schaarschmidt
Dimensions: Length 14-105 um; Width 3,5-5,5 um. Striae: 13-17/10 pm. Puncta: 40-45/10 pm.
Distribution in freshwater habitats on Vranica mountain: Mountain springs (MSPR4,



Borziana 1 — 2020 21

MSPR10, MSPR11), mountain stream (MSTR3, MSTR4, MSTR®8) and mountain peat-
lands (MPEAS).

Distribution in Bosnia and Herzegovina: Kapetanovi¢ & al. 2011; Hafner & al. 2013;
Barudanovi¢ & al. 2014; Dedi¢ & al. 2015; Durakovié¢ 2018; Masi¢ 2018.

Optimal environmental conditions: Oligo- to dystrophic, but oligosaprobic freshwater
habitats (Cantonati & al. 2017).

General distribution and ecology: Distributed in wide range of conditions, from acidic (due
to humic acids) to well-buffered alkaline waters (Cantonati & al. 2017). According to Van
Dam & al. (1994), an aquatic to aerophilic, tolerant N-autotrophic, indifferent (euryionic),
oxybiontic (75% sat.), oligohalobous, B-mesosaprobe and indifferent.

Conservation status: According to Red List (Lange-Bertalot & Steindorf, 1996), this
species is not endangered (?).

Eunotia boreoalpina Lange-Bertalot et Norpel-Schempp in Lange-Bertalot & Metzeltin
Syn. Eunotia incisa ,,boreoalpina“— population in Krammer & Lange-Bertalot
Dimensions: Length 12-15 pm; Width 4-6 um. Striae: 13-17/10 um. Puncta: 45-50/10 pum.
Distribution in freshwater habitats on Vranica mountain: Mountain peatlands (MPEA2,
MPEA4, MPEA6, MPEAT11).

Distribution in Bosnia and Herzegovina: Tomovi¢ & al. (2020).

Optimal environmental conditions: An indicator of low-alkalinity seepage and pool springs
on siliceous substrata (Cantonati & al. 2012 in Cantonati & al. 2017).

General distribution and ecology: Scattered but locally abundant in mountains siliceous
substrata (Cantonati & al. 2012).

Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), this
species is not classified (z).

Eunotia cf. curtagrunowii Norpel-Schempp & Lange-Bertalot in Lange-Bertalot
& Metzeltin

Dimensions: Length 13-45 um; Width 6-8,5 um. Striae: 9-14/10 um. Puncta: 27-32 (35)/10 pum.
Distribution in freshwater habitats on Vranica mountain: Mountain creek (MCRE7, MCRES)).
Distribution in Bosnia and Herzegovina: First record for Bosnia and Herzegovina.

Eunotia exigua (Brébisson) Rabenhorst

Dimensions: Length 6-30 (50) pm; Width 3-4 um. Striae: 19-14/10 pm. Puncta: 45-50/10 pm.
Distribution in freshwater habitats on Vranica mountain: Mountain spring (MSPR11) and
mountain peatlands (MPEA4, MPEAS, MPEAG6, MPEATI).

Distribution in Bosnia and Herzegovina: Proti¢ 1897; Gutwinski 1902; Proti¢ 1926;
Kapetanovi¢ & al. 2011; Hafner & al. 2013; Durakovi¢ 2018.

Optimal environmental conditions: Wide ecological range from freshwater environments
acidified by inorganic acid to minerotrophic fens in humid acids, spring, and mountain
streams at pH values from 2 to 7. It can reach important relative abundances in the pres-
ence of high concentration of both naturally-occurring and anthropogenic sulphates (Alles
& al. 1991). Desiccation tolerant (Cantonati & al. 2017).

General distribution and ecology: Very frequent and often abundant everywhere (Cantonati &
al. 2017). According to Van Dam & al. (1994), an aquatic to acrophilic, tolerant N-autotrophic,
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acidobiontic, oxybiontic (75% sat.), oligohalophobous, a-mesosaprobe and indifferent.
Conservation status: According to Red List (Lange-Bertalot and Steindorf 1996), this
species is not classified (?).

Eunotia glacialifalsa Lange-Bertalot in Krammer & Lange-Bertalot

Syn. Eunotia glacialis Meister sensu Krammer & Lange-Bertalot 1991 pro parte,
Eunotia gracilis Ehrenberg sensu Hustedt et auct. nonnull.

Dimensions: Length 40-250 um; Width 4,5-7 pm. Striae: 8,5-10/10 pm. Puncta: 25-28/10 pum.
Distribution in freshwater habitats on Vranica mountain: Mountain peatlands
(MPEA1).Distribution in Bosnia and Herzegovina: Proti¢ 1897; Gutwinski 1902; Proti¢
1906; Proti¢ 1924; Proti¢, 1925; Proti¢ 1926; Proti¢ 1927.

Optimal environmental conditions: Electrolyte-poor acidic, as well bicarbonate-buffered
alkaline, oligotrophic usually standing freshwaters (Cantonati & al. 2017).

General distribution and ecology: Scattered to relatively frequent in central Europe, never
really abundant (Cantonati & al. 2017).

Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), for this
species there is not enough data.

Eunotia glacialis Meister

Dimensions: Length 60-160 pm; Width 7-12 pum. Striae: 10-12/10 pm. Puncta: 28-30/10 um.
Distribution in freshwater habitats on Vranica mountain: Mountain spring (MSPRS).
Distribution in Bosnia and Herzegovina: Kapetanovi¢ & al. 2011; Hafner & al. 2013.
Optimal environmental conditions: Electrolyte-poor, weakly acid, undisturbed habitats
(Cantonati & al. 2017).

General distribution and ecology: Rare in mountains (Cantonati & al. 2017). According to
Van Dam & al. (1994), an aquatic to aerophilic, sensitive N-autotrophic, acidophilic, poly-
oxybiontic (100% sat.), halophobe, oligosaprobe and oligo-mesotrophic.

Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), this
species is at risk (G).

Eunotia cf. implicata Norpel-Schempp, Alles et Lange-Bertalot

Dimensions: Length 18-48 um; Width 3-6 um. Striae: 14-20/10 um. Puncta: 35-40/10 pm.
Distribution in freshwater habitats on Vranica mountain: Mountain stream (MSTR3) and
mountain peatland (MPEA?7).

Distribution in Bosnia and Herzegovina: First record for Bosnia and Herzegovina.

Eunotia incisa Gregory

Dimensions: Length 10-56 pm; Width 3-7 um. Striae: 16-22/10 um. Puncta: 40-45/10 pm.
Distribution in freshwater habitats on Vranica mountain: Mountain peatlands
(MPEA3, MPEA11).

Distribution in Bosnia and Herzegovina: Kapetanovi¢ & Hafner 2007.

Optimal environmental conditions: Electrolyte-poor, oligo- to dystrophic freshwater habi-
tats (Cantonati & al. 2017).

General distribution and ecology: One of the most frequent Eunotia — species, often very
abundant in suitable habitats (Cantonati & al. 2017). According to Van Dam & al. (1994),
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an aquatic to aerophilic, sensitive N-autotrophic, acidophilic, polyoxybiontic, halophobe,
oligosaprobe and oligotrophic.

Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), for this
species risk is not estimated (*).

Eunotia minor (Kiitzing) Grunow in Van Heurck

Dimensions: Length 16-62 (73) um; Width 4-8 um. Striae: 9-16/10 pm. Puncta: (35)
40-45/10 pm.

Distribution in freshwater habitats on Vranica mountain: Mountain lake (MLAKS).
Distribution in Bosnia and Herzegovina: Proti¢ 1897; Proti¢ 1903; Blagojevi¢, 1966;
Blagojevi¢ 1974; Kapetanovi¢ & al. 2011; Barudanovi¢ & al. 2014; Karasulji¢-Ibrovié
2017; Durakovi¢ 2018; Masi¢ 2018.

Optimal environmental conditions: Wide ecological amplitude, from electrolyte-poor, dys-
trophic mire habitats to circumneutral springs and streams on siliceous bedrock or on
sandy soils, from high mountains to lowlands (Cantonati & al. 2017).

General distribution and ecology: One of the most frequent Eunotia species, often found
with high mountains to the lowlands (Cantonati & al. 2017). According to Van Dam & al.
(1994), an aerophilic, acidophilic, halophobe and oligosaprobe.

Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), for this
species risk is not estimated (¥*).

Eunotia cf. mucophila (Lange-Bertalot et Norpel) Lange-Bertalot in Metzletin,
Lange-Bertalot & Garcia-Rodriguez)

Syn. Eunotia bilunaris var. mucophila Lange-Bertalot et Norpel in Alles & al.
Dimensions: Length 15-70 um; Width 2-3 pum. Striae: 20-28/10 um. Puncta: 40-45/10 pum.
Distribution in freshwater habitats on Vranica mountain: Mountain peatland (MPEA2).
Distribution in Bosnia and Herzegovina: First record for Bosnia and Herzegovina.

Eunotia nymanniana Grunow in Van Heurck

Syn. Eunotia steineckei Petersen 1950

Dimensions: Length 15-55 um; Width 2,5-3,4 pm. Striae: 17-21/10 um. Puncta: 40-45/10 pum.
Distribution in freshwater habitats on Vranica mountain: Mountain peatlands (MPEA1,
MPEA2, MPEAS, MPEA10).

Distribution in Bosnia and Herzegovina: Kapetanovi¢ & al. 2011.

Optimal environmental conditions: Occuring with other small-cell Eunotia species in
undisturbed and slightly disturbed, electrolyte-poor, weakly acid (not ombrotrophic) habi-
tats on siliceous bedrock (Cantonati & al. 2017).

General distribution and ecology: Possible under recorded in the past as it was often con-
fused with E. exigua and E. tenella. Widely distributed and locally abundant (Cantonati &
al. 2017). According to Van Dam & al. (1994), an aquatic to acrophilic, sensitive N-
autotrophic, acidophilic, halophobe, oligosaprobe and oligotrophic.

Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), this
species is endangered (3).
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Eunotia paludosa Grunow

Dimensions: Length 6-45 um; Width 1,8-3,5 pum. Striae: 18-25/10 um. Puncta: ¢. 40/10 um.
Distribution in freshwater habitats on Vranica mountain: Mountain spring (MSPR11),
mountain lake (MLAK1) and mountain peatlands (MPEA2, MPEA4, MPEA6, MPEA7,
MPEAS, MPEA10, MPEAT11). Distribution in Bosnia and Herzegovina: Karlinski 1896;
Gutwinski 1902; Kapetanovi¢ & al. 2011; Durakovi¢ 2018.

Optimal environmental conditions: Ombrotrophic raised-bog habitats. Can be very abun-
dant in such habitats. Sporadic in minerotrophic biotopes with Sphagnum where it is asso-
ciated with different dystraphentis Eunotia species (e.g. E. bilunaris). Strongly associated
with the presence of Sphagnum spp. (Cantonati & al. 2011 in Cantonati & al. 2017).
General distribution and ecology: Scatterd records, due to the loss of suitable habitats
(Cantonati & al. 2017). According to Van Dam & al. (1994), an neutrophilic,
halophilic and oligosaprobe.

Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), this
species is in declining (V).

Eunotia praerupta Ehrenberg

Syn. Eunotia praerupta var. inflata Grunow in Van Heurck

Dimensions: Length 28-105 pm; Width 10-18 um. Striae: 5.5-8 (12) /10 pm. Puncta:
27-32/10 pm.

Distribution in freshwater habitats on Vranica mountain: Mountain stream (MSTR4).
Distribution in Bosnia and Herzegovina: Gutwinski 1902; Proti¢, 1920; Proti¢ 1927,
Hafner 1991; Kapetanovi¢ & Hafner 2007; Kapetanovi¢ & al. 2011; Hafner & Jasprica
2013; Hafner & al. 2013; Dedi¢ & al. 2015; Hafner & al. 2015.

Optimal environmental conditions: Mainly in mountains, never abundant, in undisturbed,
oligo-dystrophic, electrolyte-poor habitats on silicieous bedrock (Cantonati & al. 2017).
General distribution and ecology: Rather rare (Cantonati & al. 2017). According to Van
Dam & al. (1994), an aquatic to aerophilic, sensitive N-autotrophic, acidophilic, polioxy-
biontic (100% sat), halophobe, oligosaprobe and oligo-mesotrophic.

Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), this
species is endangered (3).

Eunotia rhomboidea Hustedt

Dimensions: Length 10-35 um; Width 2,5-5 um. Striae: 13-19/10 um. Puncta: 40-45/10 pm.
Distribution in freshwater habitats on Vranica mountain: Mountain spring (MSPR11),
mountain stream (MSTR12), mountain lake (MLAK1, MLAKS, MLAK11) and mountain
peatlands (MPEA3, MPEA4, MPEAS, MPEA6, MPEAT11).

Distribution in Bosnia and Herzegovina: Durakovi¢ 2018; Masi¢ 2018.

Optimal environmental conditions: Acidic minerotrophic fens, electrolyte-poor heathlands-
pool, springs and strems and siliceous bedrock (Cantonati & al. 2017).

General distribution and ecology: Regionally very frequent, and often abundant (Cantonati &
al. 2017). According to Van Dam & al. (1994), an aquatic to acrophilic, sensitive N-autotrophic,
acidophilic, polyoxybiontic (100% sat.), halophobe, oligosaprobe and oligotrophic.
Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), this
species is in declining (V).
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Eunotia soleirolii (Kiitzing) Rabenhorst

Dimensions: Length 15-135 um; Width 5-8 um. Striae: 7-12 (16)/10 um. Puncta: 24-25/10 pum.
Distribution in freshwater habitats on Vranica mountain: Mountain Spring (MSPR2,
MSPR7, MSPRS).

Distribution in Bosnia and Herzegovina: Proti¢ 1920.

Optimal environmental conditions: Undisturbed or slightly disturbed, oligo- to weakly
eutrophic, not only electrolyte-poor, but usually weakly acidic habitats, for instance
minerotrophic fens. Often associated with E. pectinalis (Cantonati & al. 2017).

General distribution and ecology: Frequent and occasionally abundant (Cantonati & al.
2017). According to Van Dam & al. (1994), an aquatic to aerophilic, tolerant N-autotroph-
ic, neutrophilic, polyoxybiontic (100% sat.), halophobe, B-mesosaprobe and oligotrophic.
Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), this
species is at risk (G).

Eunotia cf. subherkiniensis Lange-Bertalot in Lange-Bertalot, Bak & Witkowski
Syn. Eunotia praerupta var. bigibba (Kiitzing) Grunow sensu Krammer & Lange-Bertalot
Dimensions: Length 10-30 pm; Width 5-8 pm. Striae: 12-15/10 pm. Puncta: c. 40/10 pm.
Distribution in freshwater habitats on Vranica mountain: Mountain creek (MCRES).
Distribution in Bosnia and Herzegovina: First record for Bosnia and Herzegovina.

Eunotia tenella (Grunow) Hustedt in A. Schmidt & al.

Dimensions: Length 7-28 um; Width 3-4,5 pm. Striae: 14-16/10 pm. Puncta: 45-50/10 pum.
Distribution in freshwater habitats on Vranica mountain: Mountain stream (MSTR4) and
mountain peatland (MPEATI).

Distribution in Bosnia and Herzegovina: Proti¢ 1927; Proti¢ 1928; Jerkovi¢ 1985; Hafner
& Jasprica, 2013; Hafner & al. 2013; Durakovi¢ 2018; Masi¢ 2018.

Optimal environmental conditions: Undisturbed, electrolyte-poor, oligo- to dystrophic
habitats. Characteristic species of low-alkalinity seepage and pool springs on siliceous sub-
strata (Cantonati & al. 2012 in Cantonati & al. 2017).

General distribution and ecology: Frequent (Cantonati & al. 2017). According to Van Dam
& al. (1994), an aquatic to acrophilic, sensitive N-autotrophic, acidophilic, polyoxybiontic
(100% sat.), halophobe, oligosaprobe and oligotrophic.

Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), this
species is in declining (V).

Eunotia tetraodon Ehrenberg

Dimensions: Length 24-70 um; Width 9-24 pm. Striae: 6-12/10 um. Puncta: 24-35/10 pum.
Distribution in freshwater habitats on Vranica mountain: Mountain creek (MCRE7) and
mountain peatlands (MPEA3, MPEA4, MPEAS, MPEA6, MPEATL).

Distribution in Bosnia and Herzegovina: Karlinski 1896; Gutwinski 1902; Proti¢ 1906.
General distribution and ecology: According to Van Dam & al. (1994), an aquatic to
aerophilic, sensitive N-autotrophic, acidophilic, polyoxybiontic (100% sat.), halophobe,
oligosaprobe and oligotrophic.

Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), this
species is highly endangered (2).
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Eunotia triodon Ehrenberg

Dimensions: Length 25-100 pum; Width 13-22 pm. Striae: 15-18/10 um. Puncta: 21-28/10 pm.
Distribution in freshwater habitats on Vranica mountain: Mountain peatland (MPEA1).
Distribution in Bosnia and Herzegovina: Proti¢ 1904.

Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), this
species is threatened of extinction (1).

Eunotia valida Hustedt

Syn. Eunotia glacialis sensu Krammer et Lange-Bertalot 1991 pro parte

Dimensions: Length 20-115 um; Width 4-6 pm. Striae: 11-15/10 um. Puncta: 30-34/10 um.
Distribution in freshwater habitats on Vranica mountain: Mountain spring (MSPR11) and
mountain peatlands (MPEA3, MPEA4, MPEAS, MPEA6, MPEATL).

Distribution in Bosnia and Herzegovina: Hafner & al. 2013.

Optimal environmental conditions: Electrolyte-poor, oligo- to dystrophic freshwater
hbitats, rarer also in calcium-bicarbonate-buffered but invariably oligosaprobic inland
waters (Cantonati & al. 2017).

General distribution and ecology: Rather frequent, locally moderately abundant (Cantonati &
al. 2017). According to Van Dam & al. (1994), an aquatic to acrophilic, sensitive N-autotrophic,
acidophilic, polyoxybiontic (100% sat.), halophobe, oligosaprobe and oligo-mesotrophic.
Conservation status: According to Red List (Lange-Bertalot & Steindorf 1996), this
species is at risk (G).

C. Ecological part

During our study, 22 species from this genus were identified. Newly recorded species for
the flora of algaec of Bosnia and Herzegovina are: E. curtagrunowii, E. implicata, E.
mucophila and E. subherkiniensis. By comparing ecological data (Van Dam & al. 1994) for
all identified species from the genus Eunotia we can conclude that freshwater habitats on
Vranica mountain are inhabited by aquatic to aerophilic, sensitive N-autotrophic, neu-
trophilic, polyoxybiontic (100% sat.), halophobe, oligosaprobe and oligomesotrophic species
(Electronic Supplementary File 1). Our study also revealed that these habitat types serve as
an optimal ecological niche for certain rare and endangered species, as follows: E. triodon,
E. arcus, E. subherkiniensis, E. tetraedon, E. nymanniana, E. praerupta, E. arcubus, E.
curtagrunowii, E. glacialis, E. implicata, E. mucophila, E. soleirolii and E. valida.

Discussion

Despite the effort to significantly reduce biodiversity loss by 2010, recent research has
confirmed the extinction of several plant and animal species listed as endangered in the
TUCN Red Lists, while allochthonous taxa are increasing globally (Falasco & Bona 2011).

From the literature data, it can be concluded that freshwater oligotrophic habitats which
are distributed in the high mountain are very fragile ecosystem types and from that point
of view they must be included in a different monitoring program. At the local level, the
main threats to this type of habitats include: habitat reduction due to the increase of pas-
tures, the establishment of artificial snow basins, and the construction of roads and infra-
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structure. From a global point of view, an increase in temperature, lengthening of the grow-
ing season, habitat fragmentation, and alteration of the snow-free period are the most
important environmental factors affecting high-mountain ecosystems. As far as climatic
warming and global changes are concerned, mountain regions are among the most poten-
tially vulnerable areas, thus being strongly affected by species loss (Falasco & al. 2012).

Algae from the genus Eunotia inhabit mainly specific habitat types on mountain areas.
These are primarily springs, streams, and their diversity reach in peatland ecosystems
(Cantonati & al. 2017).

For the purposes of this paper, the research was carried out in the area of Vranica moun-
tain. The presence of 22 species from the genus Funotia was determined during this study.
In addition to widespread species, rare and endangered species have been identified, as
well as new species for the algae flora of Bosnia and Herzegovina.

Taxonomic reviews of algae from the genus Funotia for the Balkan Peninsula are
scarce. Relevant data can be found in the publications of Pavlov & Levkov (2013) and
Krizmanié¢ & al. (2015).

Authors Pavlov & Levkov (2013) determined the presence of 53 species from the genus
Eunotia for the algal flora of Macedonia, while authors Krizmani¢ & al. (2015) determined
the presence 18 species for the algae flora of Serbia.

Krizmani¢ & al. (2015) found that the pH value at the investigated localities ranged
from 5.46 to 6.50, while the values for electrical conductivity ranged from 231 to 302
uScm'!. By comparing the above results with our research, it can be concluded that the val-
ues of pH and electrical conductivity are slightly higher than the values of physical and
chemical parameters measured in Serbia. According to the literature, the waters inhabited
by species of the genus Eunotia are characterized by a low to moderate concentration of
electrolytes, and the pH value varies from acidic to neutral (Krizmani¢ & al. 2015).

The authors of Oritz-Lerin & Cambra (2007) found that pH value and electrolyte com-
position are the main factors for the distribution of species of this genus, while the temper-
ature of the water has no significant effect (Krizmani¢ & al. 2015).

New species for the algal flora of Bosnia and Herzegovina from the genus Eunotia are:
E. curtagrunowii, E. implicata, E. mucophila and E. subherkiniensis. Their basic ecologi-
cal characteristics are given in the continuation of the paper.

E. curtagrunowii is moderately abundant in undisturbed, oligo- to dystrophic, elec-
trolyte-poor, but not ombrotrophic, habitats (Cantonati & al. 2017).

According to Van Dam & al. (1994), this species is aquatic to aerophilic, sensitive
N-autotrophic, acidophilic, polyoxybiontic (100% sat.), halophobe, oligosaprobe, and
oligo-mesotrophic.

According to Red List (Lange-Bertalot & Steindorf 1996), this species is at risk (G).
The species was identified in two localities in mountain creeks.

E. implicata inhabited undisturbed, electrolyte-poor and oligo to dystrophic running
waters. Rare in standing freshwater environments (Cantonati & al. 2017).

According to Van Dam & al. (1994), this species is aquatic to acrophilic, acidophilic
and halophobe.

According to Red List (Lange-Bertalot & Steindorf 1996), this species is at risk (G).
The species was identified in mountain creek, and in mountain peatland.
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E. mucophila is widely distributed in the Northern Hemisphere as well as in Central
Europe (Cantonati & al. 2017).

According to Van Dam & al. (1994), this species is aerophilic, tolerant N-autotrophic,
acidophilic, oxybiontic (75% sat.), oligohalobous, oligosaprobe and oligo-mesotrophic.

According to Red List (Lange-Bertalot & Steindorf 1996), this species is at risk (G).
Optimal environmental conditions are peatlands and similar habitats with Sphagnum ssp.
dystraphentic; locally abundant (Cantonati & al. 2017).

The species was identified in one locality in mountain peatland. E. subherkiniensis is
rather rare, but occasionally moderately abundant (Cantonati & al. 2017).

According to Van Dam & al. (1994), this species is aerophilic, sensitive N-autotrophic,
acidophilic, polyoxybiontic (100% sat.), halophobe, oligosaprobe and oligotrophic. This
species inhabited undisturbed electrolyte-poor streams and lakes that are acid due to the
presence of humic acid (Cantonati & al. 2017).

According to Red List (Lange-Bertalot & Steindorf 1996), this species is highly endan-
gered (2). The species was identified in one locality in mountain creeks.

Conclusions

Based on the conducted research, it can be concluded that the freshwater habitats in the
area of Vranica mountain provide ideal conditions for different algal groups. Among them,
the most important are diatoms from the genus Eunotia. In total 22 species from this genus
were found. A total of 13 rare and endangered species of diatoms and four new species of
algae from the genus Eunotia for Bosnia and Hercegovina were found, as follows: E.
curtagrunowii, E. implicata, E. mucophila and E. subherkiniensis. In terms of autecologi-
cal characteristics, and taking into account all identified species, it can be concluded that
the identified species indicate the ecological conditions of the habitats in which they were
found. Species from the genus Eunotia which are found in the freshwater habitats in the
area of Vranica mountain are aquatic to aerophilic, sensitive N-autotrophic, neutrophilic,
polyoxybiontic (100% sat.), halophobe, oligosaprobe and oligomesotrophic. Habitats,
where rare and endangered species have been identified, are today under pronounced local
and global pressures. In order to protect them in the future, it is necessary to establish con-
tinuous monitoring of the ecological conditions of these extremely valuable habitat types,
but also the species that inhabit them.
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