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Abstract

In mine pit lake Bistrik, which is located near Kakanj Municipality, a diatom species
from the genus Stauroneis has been recorded and identified. In addition to the analysis
of the composition of cyanobacteria and algae, the basic physical and chemical
parameters of water were also measured. By comparing the morphometric
characteristics of the valve of Stauroneis neofossilis, a similarity with the literature data
was determined. The paper also presents LM and SEM micrographs of S. neofossilis and
a list of identified species of the genus Stauroneis in Bosnia and Herzegovina. To obtain
a more complete picture of morphometric characteristics, distribution and ecology, a
detailed investigation of this genus from freshwater habitats in Bosnia and Herzegovina
is necessary.
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1. Introduction

Diatoms are eukaryotic, unicellular microbes (Round et al., 1990). The majority
of species exhibit very specific preferences for various environmental elements
like pH, nutrients, and salinity, making them one of the most often used
bioindicators for determining the quality of water and doing paleolimnological
research (Stevenson et al., 1999). Ehrenberg (1843) created the genus
Stauroneis without specifying a generic type, although Boyer later characterized
it (1927).

The genus is distinguished by uniseriate striae, navicular, single, long, narrow,
generally linear-lanceolate to lanceolate valves, and a thickened center region
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known as a "stauros" (Casa et al., 2017). There are currently more than 800 taxa
in the genus, which live in a variety of habitats such as freshwater, brackish
water, marine, and coastal environments (Levkov et al., 2016).

Species of the genus Stauroneis are generally widely distributed in various
freshwater habitats. Although most of them are characteristic of oligotrophic
waters in the temperate zone (Lange-Bertalot & Metzeltin, 1996). They are also
frequently found in Arctic and sub-Antarctic regions (Van de Vijver et al., 2005;
Zidarova et al., 2014).

This species also can be found in subaerial habitats (Van de Vijver et al., 2004;
John, 2014) or even in caves (Falasco et al., 2015). Additionally, it is one of the
most frequently recorded genus in high mountain peat-bogs (Levkov et al.,
2005). According to Guiry & Guiry (2021), S. neofossilis is very rare in Europe
and its presence was reported only in a few publications (Metzeltin, 1996;
Denys, 2009; Buczkd, 2016; Karlason et al., 2018).

In Bosnia and Herzegovina, 21 taxa from the genus Stauroneis have been
recorded until now from various freshwater habitats. Main morphometric data
and the list of identified species from the genus Stauroneis in Bosnia and
Herzegovina was given in the table (Table 1).

Table 1. Main morphometric features of diatoms from the genus Stauroneis identified in Bosnia and Herzegovina
(Lecointe et al. 1993).

Length Width Striaein 10  Areolae count

Taxa range range um per 10 um
1. Stauroneis neofossilis Lange-Bertalot & Metzeltin* 94-100 17-19 22-23 18-20
2. &ZI:C?’:)ZSLZZZZCIQZJZZTOI?nge-Bertant & Werum in 35-70 8-12 19-23 20-30
3. Stauroneis acuta W.Smith 80-180 12-18 11-15 15-18
4. Stauroneis anceps Ehrenberg 40-70 10-13 22-24 25-25
5. Stauroneis anceps f. linearis Rabenhorst 40-70 20-25 - -

6. Stauroneis anceps var. amphicephala Kitzing 51-58 11-11 18-21 -
7. Stauroneis dilatata Ehrenberg - - - -
8. Stauroneis gracilis Ehrenberg 68-130 13-24 15-21 16-24
9. Stauroneis kriegeri Patrick 17-24 4-6 26-30 16-19
10.Stauroneis lanceolata Kitzing - - - -
11.Stauroneis legumen (Ehrenberg) Kitzing 16-45 4-10 24-29 25-25
12.Stauroneis meniscus J.Schumann - - - -
13.Stauroneis microbtusa Reichardt - - - -
14.Stauroneis neohyalina Lange-Bertalot & Krammer 38-49 6-9 32-40 -
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15.Stauroneis parathermicola Lange-Bertalot 8-17 3-14 24-24
16.Stauroneis parvula (Grunow) Cleve
17.Stauroneis phoenicenteron (Nitzsch) Ehrenberg 129-220  26-38 14-18 13-17

18.Stauroneis platystoma Ehrenberg

19.Stauroneis producta Grunow in Van Heurck 30-50 8-11 22-28 28-30
20.Stauroneis smithii Grunow 20-40 6-10 24-26 26-30
21.Stauroneis thermicola (J.B.Petersen) J.W.G.Lund 8-17 3-5 20-24 30-36

* First record for Bosnia and Herzegovina

The main aim of this study was to present a new locality where S. neofossilis
was identified, with a description of the ecological characteristics of the habitat.
This paper presents the first LM and SEM documentation of the external and
internal view of a valve of the species S. neofossilis from Bosnia and
Herzegovina.

2. Material and Methods

2.1. Study area

Mine pit lake Bistrik is located in the Municipality of Kakanj (Figure 1). The lake
is located at an altitude of 454 meters, 44°06°06,42"’ N and 18°09°45,73" E, near
the village Haljinici. The direction of the lake is northwest (NW)-southeast (SE).
The mine pit lake was formed by the subsidence of the terrain, which occurred
under the influence of underground coal exploitation. The investigated lake is
fed by surface and rainwater. The hydrological regime of mine pit lake is
unpredictable throughout the year. It was possible to see the water level
fluctuate both during dry and rainy spells. There are obvious water oscillations
throughout the year of one to two meters. During the study period, the lake's
water had a greenish-blue to bluish-green hue. Well-established stands of
floodplain forests can be found in the lake Bistrik complex in addition to the
developed hygrophilous and hydrophilic vegetation.
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Figure 1. Position of mine pit lake Bistrik

2.2. Sampling and species analysis

Algological material was collected from three micro-localities during summer
seasons (2013-2014) and transported to the Laboratory for the study of the
systematics of algae and fungi, Department of Biology, Faculty of Science,
University of Sarajevo (Bosnia and Herzegovina). Epipelon samples were
collected from the uppermost layer of mud with a spoon or pipette aspirator.
The collected material was fixed with 4% formalin. Laboratory processing of
diatoms was carried out applying methods used by Hustedt (1930). Light
microscope observation was conducted using Best Scope 2020 microscope.
Scanning electron microscope (SEM) observations were made using a Hitachi, S
4500 at the Goethe Universitat Frankfurt am Main. Species composition and the
guantitative relationship of diatoms are estimated from the permanent slides
under 1000x magnification. At least 400 valves in each slide were counted for
all samples. The identification of diatoms was supported by the following
references: Lange-Bertalot & Metzeltin (1996); Cantonati et al. (2017). The
nomenclature of identified algae was adjusted according to the following
Guiry&Guiry (2021). Omnidia software version 6.0.8, was used for ecological
data (Lecointe et al. 1993).
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3. Results

S. neofossilis Lange-Bertalot & Metzeltin was identified as the diatom after
micro-phytobenthos samples analysis. Recently, S. neofossilis was identified as a
new species for Bosnia and Herzegovina's algal flora (Tomovié et al., 2021). The
remainder of this report provided information on the valves characteristics as
well as notes on their distribution and ecology.

Description: Valves are lanceolate to rhombic-lanceolate with pronounced
capitate protruding ends. Valve length 94-100 um and width 16,5-18,5 um. The
rapha is strongly lateral and completely straight in small but distinct confluent
marked central pores. The axial area is linear, neither narrow nor wide. Central
area/stauros is approximately linear (i.e., bounded parallel by the transapical
strips and 3 um wide). Striae proximally moderate, distally more radially, 22-
23/10 um. Areolae count per 10 um varied from 18-20. Biovolume is 11,666 um
3 (Lecointe et al.,, 1993; Lange-Bertalot & Metzeltin, 1996). LM
microphotographs were shown in Figure 2, while external and internal valve
view (SEM) of species S. neofossils were shown in Figure 3-8.

Figure 2. LP micrographs of S. neofossilis; scale bar = 10 um
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Figure 3-8. SEM images of Stauroneis neofossilis Lange-Bertalot & Metzeltin. 3. Internal view of the entire valve. 4.
Internal view of valve apex. 5-6. External view of valve apex. 7. Internal view of the central area. 8. External view of the
central area. Scale bars: Fig 1: 20 um, Figs 3-4: 6 um, Fig 6: 4 um, Figs 2-5: 3 um
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Ecology: Species was found in epipelic assemblages in the mine pit lake Bistrik.
During the investigated period, the pH value ranged from 7.27-7.63. Electrical
conductivity varied from 258-285 uS/cm. In mine pit lake Bistrik selected heavy
metals were measured as follows: Al (41 mg/l), Cr (0.33 mg/l), Zn (2.51 mg/l), Ni
(3.79 mg/l), Mn (370 mg/l), Pb (37.50 mg/l). The concentration of silicate (Si)
was 1.48 mg/l (Tomovic et al. 2021; Masi¢ 2018).

Associated algal flora: In the qualitative composition of microphytobenthos of
the mine pit lake Bistrik (Kakanj), a total of 97 species of cyanobacteria and
algae were found. The largest number of species was found within the classes:
Bacillariophyceae (75 taxa or 77.32%), Chlorophyceae (7 taxa or 7.22%),
Conjugatophyceae (5 taxa or 5.15%) and Cyanophyceae (5 taxa or 5.15%). The
dominant species in the phytobenthos of the investigated mine pit lake are
Achnanthidium  minutissimum  (Kltzing) Czarnecki, Rhopalodia gibba
(Ehrenberg) O. Miiller, Hantzschia amphioxys (Ehrenberg) Grunow etc. Rare and
endangered species of algae in investigated mine pit lake was: Caloneis
schumanniana (Grunow) Cleve, Cymbella aspera (Ehrenberg) Cleve,
Gomphonema dichotomum Kitzing, Gomphonema sarcophagus W.Gregory,
Gomphonema acuminatum Ehrenberg, Navicula oblonga (Kiutzing) Kitzing,
Neidium affine (Ehrenberg) Pfitzer, Neidium ampliatum (Ehrenberg) Krammer in
Krammer & Lange-Bertalot, S. anceps Ehrenberg and S. phoenicenteron
(Nitzsch) Ehrenberg.

4, Discussion

A rare diatom taxon from the genus Stauroneis known as S. neofossilis was
discovered through the examination of microphytobenthos samples obtained in
the mine pit lake Bistrik (Tomovi¢ et al.,, 2021). Basic morphometric
characteristics were compared, and it was discovered that they matched the
data from the literature (Lange-Bertalot & Metzeltin, 1996; Buczkd, 2016;
Karlason et al.,, 2018). 21 taxa of the genus Stauroneis, including rare and
endangered species (Kapetanovi¢ et al., 2011; Masi¢ & Barudanovié, 2018), as
well as S. neofossilis (Tomovi¢ et al., 2021) were identified after an analysis of
the literature data available for phycological research in Bosnia and
Herzegovina. A monograph by Lange- Bertalot & Metzeltin contains the taxon's
initial discovery and a thorough description (1996). The species was found in
the oligotrophic lake Julma Olkky in Finland.
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In the monograph Buczkd, another finding of this taxon was published where on
Retzat mountain, the taxon was discovered in the glacier lake Brazi (Buczkd,
2016). While Denys (2009) discovered the species in Belgium's shallow lowland
lakes, Carlson et al. (2018) list it in the electronic database for the region of
Sweden. The following Stauroneis species have recently been characterized as
new to science: S. kingstonii (Burge et al. 2015), S. fuegiana (Casa et al. 2017), S.
cavalcantei, and S. karstica (Tusset et al., 2018).

Numerous writers do global study on the flora of the genus Stauroneis. In this
regard, data are discovered for North Macedonia (Zidarova et al., 2014),
Antarctica (Van de Vijver et al., 2005), and Korea (Joh, 2014). (Levkov et al.,
2016). The discovery of the endangered S. balatonis Pantocsek species in
Serbia's Sava Lake (Trbojevi et al.,, 2019) is noteworthy. A revision of the S.
smithii Grunow complex for Macedonia is provided by Levkov et al. (2016).

The authors looked into 20 infraspecies taxa for this paper. The S. blazenciciae
species, which differs from S. smithii in having a valve-like form, was described
by the authors as a brand-new species for science. Stauroneis species are
primarily found in freshwater habitats, although they also live in the Arctic and
Antarctica, a variety of wetland habitats, and even caverns (Levkov et al., 2016;
Tusset et al., 2018). Van de Vijver et al. (2004) present data for 63 species of
Stauroneis and report 40 new species of this genus from the Arctic and (Sub)-
Antarctic areas.

5. Conclusions

The distribution and morphometric characteristics of S. neofossilis are
discussed in this publication. This taxon has only been found in a few places in
Europe, mostly in natural habitats, whereas in Bosnia and Herzegovina it has
been found in an artificial habitat—a mine pit lake. Furthermore, LM and SEM
micrographs were used to display the properties of valve structure.

104



6. References

Barudanovi¢, S., Masi¢, E. &amp; Cero, M. (2018). Comparison of cyanobacteria and
algae assemblages in mine pit lakes of different origin in Bosnia and Herzegovina.
Poredenje sastava cijanobakterija i algi u kopovskim jezerima razli¢itog porijekla u
Bosni i Hercegovini. Glasnik Zemaljski muzej BiH. Prir. Nauke, 37, 59-74.

Blagojevic¢, S. (1966). Prilog poznavanju algi kraskih izvorista u Bosni | Hercegovini. |.
Chrysophyceae, Xanthophyceae, Bacillariophyceae. Godisnjak, Bioloskog. Inst.
Sarajevo, 29, 5-22.

Buczko, K. (2016). Iconographia diatomologica Carpathica Volume 1. Guide to diatoms
in mountain lakes in the Retezat Mountains, South Carpathians, Romania. Studia
Botanica Hungarica 47 (Supplement), 9-214, incl. 85 pl.

Burge, D.R., Marsico, T.D., Edlund, M.B. (2015).Stauroneis kingstonii sp. nov.
(Bacillariophyta: Naviculales), a new diatom species from the Black Swamp,
Arkansas, USA. Phytotaxa,205(3), 177-186.

Cantonati, M., Kelly, G.M. Lange-Bertalot, H. (2017). Freshwater Benthic Diatoms of
Central Europe: Over 800 Common Species Used in Ecological Assessment. English
edition with updated taxonomy and added species. Koeltz Botanical Book. pp. 1-
942.

Casa, V., Mataloni, M.G. amp; Van de Vijver, B. (2017). Stauroneis fuegiana, a new
Stauroneis species (Bacillariophyta) from Tierra del Fuego, southern Argentina.
Phytotaxa,311(1), 85-92.

Hafner, D. amp; Jasprica, N. (2013). The composition of epiphytic diatoms
(Bacillariophyta) on Charophyceae in the Dinaric karstic ecosystems. Nat. Croat.
22(1), 199-204.

Hafner, D., and Mirkovié, G. (2008). Dijatomeje sedrenih barijera rijeke Une. Zbornik
radova. Medunarodna konferencija: Zasti¢ena podrudcja u funkciji odrZivog razvoja,
533-543.

Hafner, D., Cari¢, M., Kapetanovi¢, T. Jasprica, N. amp; Loncar, A. (2008). Diatoms in
two heathland creeks in Bosnia and Herzegovina. Central European Diatom Meeting
(CEDIATOM?2). Trentino Nature amp; Science Museum, Trento, Italy, 12- 15, June
2008. Abstract book (M. Cantonati, A. Scalfi amp; E. Bertuzzi Eds).

Jerkovi¢, L. (1985). Diatomophyceae nekih vodenih ekosistema. Struktura i dinamika
nekih ekosistema sa visokim koncentracijama teSkih metala (Vares). Elaborat, 1-323.

Joh, G. (2014). Diatom flora of genus Stauroneis (Bacillariophyta) from mainly the
mountain peatlands of Korea. Journal of ecology and environment, 37(4), 257-270.

105



Kamberovi¢, J. amp; Barudanovi¢, S. (2012). Algae and macrophytes of mine pit lakes in
the wider area of Tuzla, Bosnia and Herzegovina. Nat. Croat. 21(1), 101-118.

Kamberovi¢, J., Barudanovié¢, S., Lonié, E. Ferizbegovi¢, J. (2013). Biomonitoring
kopovskog jezera Sic¢ki brod u funkciji o¢uvanja moévarnog biodiverziteta. Zbornik
radova 1. Sesti medunarodni kongres; Ekologija, zdravlje, radi sport; Banja Luka.
537-541.

Kamberovi¢, J., Kisi¢, A., Hafner, D. amp; Plenkovi¢-Moraj, A. (2016). Comparative
analysis of epilithic diatom assemblages of springs and streams in the Konjuh
mountain (Bosnia and Herzegovina). Works of the Faculty of Forestry University of
Sarajevo, 2, 54-67.

Kapetanovi¢, T. Jahn, R. (2008). Diatoms of mountain fens in Bosnia and Herzegovina -
first results. Central European Diatom Meeting (CEDIATOM2). Trentino Nature amp;
Science Museum, Trento, Italy, 12-15, June 2008. Abstract book (M. Cantonati, A.
Scalfi, E. Bertuzzi(Eds).

Levkov, Z., Tofilovska, S., Jovanovska, E., Cvetkoska, A. amp; Metzeltin, D.
(2016).Revision of the Stauroneis smithii Grunow (Bacillariophyceae) species
complex from Macedonia. Botanica Serbica 40(2), 167-178.

Masic, E. (2018). Modeli restauracije kopovskih jezera u Federaciji Bosne i Hercegovine.
[Models of restoration of mine pit lakes in Federation Bosnia and Herzegovinal.
Doctoral thesis. pp 1-185.

Masi¢, E. (2020). Bibliography of phycological research in Bosnia and Herzegovina
(1849 — 2019). Phytologia Balcanica, 26(3), 437-443.

Masi¢, E., Barudanovi¢, S., Zero, S., Rami¢, E., Macanovi¢, A. amp; Fejzi¢, S. (2020). New
data on distribution of Hydrurus foetidus (Villars) Trevisan in freshwater habitats on
Vranica Mountain (Bosnia and Herzegovina). Biologica Nyssana, 11(2), 93-101.

Masi¢, E., Barudanovi¢, S., Zero, S., Rami¢, E., Macanovié, A., Bogkailo, A. amp; Fejzi¢, S.
2019: Diversity of diatoms in freshwater oligotrophic habitat types on Vranica
mountain (Bosnia and Herzegovina). 7th European Phycological Congress, 25-30
August 2019, Zagreb (http://epcseven.biol.pmf.hr/about/) at: Zagreb, 2019.

Proti¢, D. (1903). Peti prilog poznavanju flore okoline Vare$a u Bosni. [The fifth
contribution to the knowledge of the flora around Vare$ in Bosnia]. Glasnik
Zemaljskog muzeja u Bosni i Hercegovini, 2, 276-288.

Proti¢, D. (1904). Prilog k poznavanjuflorekriptogama (tajnocvjetaka) okolineSarajeva.
[A contribution to the knowledge of the flora of cryptogams around Sarajevol.
GlasnikZemaljskogmuzeja u BosniiHercegovini, 1 61-72.

106



Proti¢, D. (1906). Drugi prilog k poznavaniju flore resina (alge) Bosne i Hercegovine. [The
second contribution to the knowledge of the flora algae of Bosnia and Herzegovinal.
Glasnik Zemaljskog muzeja u Bosn i Hercegovini, 1, 5-15.

Proti¢, D. (1907). Tredi prilog k poznavaniju flore resina (alge) Bosne i Hercegovine. [The
third contribution to the knowledge of the flora algae of Bosnia and Herzegovinal.
Glasnik Zemaljskog muzeja u Bosni i Hercegovini, 2, 191-202.

Proti¢, . (1908). Cetvrti prilog k poznavanju flore resina (alge) Bosne i Hercegovine.
[The fourth contribution to the knowledge of the flora algae of Bosnia and
Herzegovina). Glasnik Zemaljskog muzeja u Bosni i Hercegovini, 4, 513-523.

Proti¢, D. (1921). Algae (Alge) mocvare u botanickoj basti zemaljskog muzeja u
Sarajevu. [Algae in swamp in the botanical garden of the National Museum in
Sarajevo]. Glasnik Zemaljskog muzeja u Bosni i Hercegovini, 33/34, 33-36.

Proti¢c, D. (1924).Hidrobioloskei plankton studijenajezerimaBosneiHercegovine.
[Hydrobiological and plankton study on lakes in Bosnia and Herzegovina]. Glasnik
Zemaljskog muzeja u Bosni i Hercegovini, 36, 39-68.

Proti¢, D. (1925). Hidrobioloske i plankton studije na jezerima Bosne i Hercegovine. Il
dio — Glecerska jezera. [Hydrobiological and plankton study on lakes in Bosnia and
Herzegovina. Part II-Glacial lakes]. Glasnik Zemaljskog muzeja u Bosni i Hercegovini,
37,93-124.

Proti¢, D. (1926). Hidrobioloske i plankton-studije na jezerima Bosne i Hercegovine. llI
dio - Glecerskajezera. [Hydrobiological and plankton study on lakes in Bosnia and
Herzegovina. Part lll-Glacial lakes]. Glasnik Zemaljskog muzeja u Bosni i Hercegovini,
1, 47-78.

6. Acknowledgement

This work was supported by the Rufford Foundation (London, Great Britain, GB)
GRANT_NUMBER: 34941-2

107



