Project Update: June 2019
INTRODUCTION

Vranica Mountain is located in the central part of Bosnia and Herzegovina around which
the Kingdom of Bosnia and Herzegovina developed with numerous cultural centers,
among which are Fojnica and KreSevo. Although it is located in the central part of the
Dinaric mountains in Bosnia and Herzegovina, Vranica is completely different from them
because it is not of a limestone-dolomite origin. Vranica Mountain belongs to the old
mountains, unlike the Dinarides, it is formed by a numerous type of shales and
metamorphic rocks. Therefore, it has been our most famous mining mountain ever since
the Roman period. Throughout the history of Bosnia, gold and other mined metals and
minerals were found there. Although the mountain does not belong to the limestone-
dolomitic mountains, there are numerous caves and pits on it, and the inexperienced
observers often take them for old mines. In addition to the mineral wealth, the foothills of
this mountain are known for numerous mineral water springs, some of which are being
successfully exnausted. The mountain is located between Uskoplje / Gornji Vakuf and the
fertile Uskopljan Valley in the west and Fojnica in the east. The rivers that separate Vranica
from other eastern Bosnian mountains meet there. As it is located in the central part of
the country, it represents the water parting between the rivers Vrbas and Bosna on one
side and the Neretva on the other. Vranica is one of the highest mountains in Bosnia and
Herzegovina. The highest peak is Nadkrstac with 2112 m above sea level, followed by
Krstac with 2069 m and Rosinj with 2059 m. There are also slightly lower peaks: LocCika,
Matorac, Sikira and Motika. We cannot say that the climate of Vranica is very harsh.

Vegetation is at higher altitudes, where the influence of the Mediterranean is not felt,
adapted to the short vegetation period of 120 days. Otherwise, temperatures on the
mountain are moderate low, and extfreme minima range from -20° C, and the summers
are very warm only on the southern and western slopes due to the influence of the
submediterranean. Due to the collision of two climates, confinental and
submediterranean from the Neretva valley, the mountain abounds with precipitation
and the annual average is about 1100 mm. In the winter, the mountains form snow, which
is often deep over 2 m, and two ski resorts are opened, Brusnica and Vran-Kamen. Such
climatic conditions, combined with a complex geological structure, also caused the
occurrence of specific vegetation. In hydrological aspects, the mountain is extremely
rich in surface waters and there are many springs high in the mountain. The famous
Prokosko Lake, which gives a special value to the mountain, has been devastated
recently and is also threatened by a complete disappearance due to the unplanned
development of tourism around it. When it comes to hydrology, one must not ignore the
fact that there are several important rivers on Vranica, such as the Vrbas or Ragalska river
and Zeljeznica, which create the Fojnica River at Fojnica, and on the other hand there
are numerous tributaries of Neretvica. The great problem of these rivers is that they are
threatened by the small hydropower plants, and the groundwater system has already
been disturbed, so many springs have disappeared or their capacity has been reduced.

At present, there is an active campaign to use the remaining free streams to generate
electricity. There are a lot of beautiful waterfalls on numerous streams such as the
waterfall on the Kozica River or the Zdrimacki Waterfall, while on the Uskopljanian side



there is the Strapala waterfall (Balian, 20171). Data about geology, hydrology and biology
of Vranica Mountain are very scarce. But, at this moment it is very important to mention
authors who have investigated this area and give a great scientific contribution to the
promotion of natural values of this area, as well as Bosnia and Herzegovina.

In this regard, it is important to highlight the authors who have given their great scientific
contribution: Katzer (1902)2, Katzer (1903)3, Proti¢ (1924)4, Katzer (1926)%, Protic (1927)¢,
KuSan (1934/35)7, Horvat & Pawlovski (1939)8, Lakusic et al. (1979)°, Vukorep (1979)1°,
Lakusic (1984)", Spahi¢ (1991)'2, Spahi¢ (2001)'3, Redzi¢ (2000)'4, Redzi¢ et al. (2003)15,
Barudanovi¢ (2003)'6, Bug (2003)'7, Lelo et al. (2003)'8, bug & Redzi¢ (2006)'?,
Kapetanovi¢ & Hafner (2007)2, Redzi¢ (2007)2', Redzi¢ et al. (2008)22, Soljan et al. (2009)2,
Aarid-Kundalid et al. (2010)24, Korjeni¢ & Banda (2015)25, Barudanovic¢ et al. (2017)2 and
Balian (2017)%. Based on the available literature data, we can conclude that freshwater
oligotrophic habitats are not subject to numerous papers. The main focus of the
investigation was Prokosko lake and wet habitats in the subalpine belt around the lake.

One paper (Kapetanovi¢ & Hafner, 2007) deal with diatoms in subalpine belt. But there
is no available checklist of diatom taxa. A More detailed study about algae in freshwater
oligotrophic habitats type, especially in peatlands we can find in the publication by
Barudanovi¢ et al. 2017. This publication was the main basis and motive for the current
project. After the completion of the field and laboratory phase of our study, it can be
freely said that it was justified. During our study, we have detected the presence of rare
and endangered diatom and prepared a good basis for future investigation of this very
fragile and extraordinary mountain and freshwater oligotrophic habitats.
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Thanks to the grant, which was awarded by the Rufford Foundation, an extensive study
was completed and readlized entitled as: “Conservation of Freshwater Oligotrophic
Habitats on Vranica Mountain and Establishment of Long-Term Monitoring of Biodiversity”.
The study primarily focused on different freshwater oligotrophic habitat types on this
mountain and on rich algal biodiversity, especially diatoms. During the months of March,
April, May and June, various project activities were realized, followed by the dynamic
plan of our project. It is important to note that all project activities were realized
according to the dynamic plan and until now we have not encountered any problems
that would prevent the implementation of the proposed project. Further, in the Fifth
Project Update, description of various project activities is presented.

Through our Fourth project update, 10 realized activities were presented as follows:

Activity 1. Literature analysis

Activity 2. Detailed fieldwork

Activity 3. Establishment of diatom collections

Activity 4. Registration on different international conferences

Activity 5. Promotion of our project through social media

Activity 6. Establishment of a database of biotic parameters

Activity 7. Establishment of a complex matrix with abiotic and biotic data
Activity 8. Android App for entering data on the field

Activity 9. Preparation of original scientific papers

Activity 10. Preparation of promotional materials

Activity 1. Literature analysis

In order to understand the structure and dynamics of selected habitat types, a large
number of original scientific papers have been collected and analysed. These papers
will serve as a basis for the establishment of a large database of reference, which will be
expanded and analysed in the next period of realization of our project. The scientific
papers were downloaded from the official Journal pages, through the Research Gate
platform, and through Google search engine. Our base of thematic scientific papers has
more than 500 references so far. The above-mentioned scientific papers will be used for
the preparation of promotional materials, future congress and original scientific papers.
It is very important to note that we have collected all available literature data and
published references which have a focus on Vranica Mountain. The collected
publications analysed different aspects of this area as follows: geology, hydrology,
limnology, botany, zoology, phytocoenology and general ecology. All collected
literature data will help in the future during the establishment long-term monitoring of
biodiversity and state of freshwater oligotrophic habitats on Vranica Mountain. Some
historical publications and data could help in modelling and prediction of future of these
extraordinary habitat types. Mendeley reference software has been selected to manage
the collected original scientific papers (http://www.mendeley.com/download-desktop).

Activity 2. Detailed fieldwork

The last days of our fieldwork were realized during the months of March, April, May and
June. As with the previous fieldwork, special attention in this project is focused on the
oligotrophic freshwater habitats on the wide area of Vranica Mountain. In order to obtain
comparable results, for each studied habitat type, a robust field protocol was used,


https://www.rufford.org/projects/ermin_ma%C5%A1i%C4%87
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which was previously prepared? and infroduced in our 1st project update. For each
studied site, two phytobenthos samples were collected. One sample is for diatoms and
the second sample is for other algal groups. The samples of phytobenthos were fixed with
formalin 4% and stored until laboratory analysis. Each collected sample contains a unique
QR code which is related to the same field protocol. By scanning the unique QR code
with QR scanner (Android application) it is possible to access the database and reach
general information about habitat characteristics from which the sample was collected.
On each investigated site sampling of aquatic macrophytes (bryophyte and vascular
plants) was carried out. During the fieldwork, plant materials were collected in plastic
bags and they were dried in laboratory conditions. The collected samples of
phytobenthos and aquatic macrophytes were stored in the Laboratory for Systematics
of Algae and Fungi at the Faculty of Science, University of Sarajevo.

Activity 3. Establishment of diatom collections

Research on diatoms in the wider area of Vranica Mountain has not been carried out so
far. First data about the biodiversity of cyanobacteria and algae in some specific habitat
types were privided by Protic (1926), Kapetanovi¢ & Hafner (2007) and Barudanovi¢ et
al. (2017). It is very important to highlight that this comprehensive study is first in regards
to inventarization of cyanobacteria and algae in the wider area of Vranica Mountain. All
collected samples are stored in the Laboratory for Systematics of Algae, and also aliquot
with diatoms and permanent slides. It is very important to note that from each sample
(aliquot), we prepared five permanent slides which are associated with unique field
protocol. All protocols and permanent slides are organized in the collection which will be
used as a reference and for generating future projects and publications.

Activity 4. Registration on different international conferences

In order to present the results of our project, but also to promote and share our
knowledge, we will participate in the European Phycological Congress which will be held
in Zagreb, 25.08. — 30.08.2019%. The title of our presentation is: ,,Diversity of diatoms in
freshwater oligofrophic habitat types on Vranica Mountain (Bosnia and Herzegovina)*

(App. 1).

Activity 5. Promotion of our project through social media

In order to raise ecological awareness about the importance of freshwater oligotrophic
habitat types, during current phases, continuous promotion of our project was carried
out. For the promotion of results and current activities, we relied on social media. All photo
albums and other information about current project activities are available at the
following links:

Link 1.

https://www.facebook.com/ermin.masic.505/media set2set=a.1351715164959329&type=3

Link 2.

https://www.facebook.com/ermin.masic.505/media _set2set=a.1365567346907444&type=3

Link 3.
https://www.facebook.com/ermin.masic.505/media_set2set=a.1372867046177474&type=3

Link 4.

https://www.facebook.com/ermin.masic.505/media _set2set=a.1382180618579450&type=3

28 htps://www.rufford.org/files/24578-1%20June%202018.pdf
29 http://epcseven.biol.omf.hr/
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Activity 6. Establishment of a database of biofic parameters

In addition to the prepared database of abiotic parameters which contains the basic
characteristics of habitats from which sampling was carried out, a long database for
diatoms and other algae groups was established (App. 2). The database was prepared
in the form of an excel table, but for the easier and simpler inventory and possible
mapping of cyanobacteria and algae in the wider area of Vranica Mountain, BIOTA 330
Biodiversity Database Manager was used. Biota 3 is a very simple but effective software
for establishing, managing and editing large databases, in our case data on the diversity
of diatoms in the wider area of Vranica Mountain. The software consists of three main
parts as follows: 1. Find Records, 2. Input Records and 3. Import or Export Records. Each
of these sections conftains a number of operations that facilitates database
management. After determining the diatom taxa from the permanent slides and forming
the .xIs table, the data are entered into the program. For each identified species unique
code is created and the main taxonomic data (genus, specific name, species author
and year) are entered. Part of the prepared BIOTA 3 database is shown in this project
update. Using a basic and also advanced function, a researcher can, in every moment,
find all stafistical data which are entered in the database. Currently, our database
contains 174 diatom taxa from 60 genera, 34 families, 17 orders, 2 classes, 1 phylum and
1 regnum. In the future our plan is to enter more taxa in the database, and prepare
unigue sheets which will be dealing with distribution and some ecological properties for
our taxa in BIOTA 3 Data Manager.

30 hitp://viceroy.eeb.uconn.edu/biota/
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Activity 7. Establishment of a complex matrix with abiofic and biotic data

In order to carry out statistical analysis, a complex matrix with abiotic and biotic data
which were collected during the investigation period are prepared. Based on the
outcomes, certain original scientific and conference papers will be prepared (App. 3).

Activity 8. Android App for entering data on the field

Entering data into this long database of abiotic factors will be possible in the future
through our newly prepared Android application. Access to the application and entering
data are possible through a tablet or smartphone. Through the application, the data is
entered directly into the .xIs file. A newly formatted file can be downloaded to a laptop,
edited and analysed on a regular basis. Android Application has been successfully
created, tested and we will use it for the future establishment of long-term monitoring in
the wider area of Vranica Mountain.

Activity 9. Preparation of original scientific papers

After synthesis of all obtained results, several papers will be prepared. In our papers, we
are indicating the presence of rare and endangered species of diatoms, and we are
also highlighting the state of freshwater oligotrophic habitat types on Vranica Mountain.
As we mentioned in our project proposal the main goal of this project is protection and
monitoring of these very unique and sensitive habitat types. Currently, several papers are
in preparation. After peer-review process, they will be submitted to the scientific journals
which deal with our topics (App. 4).

Activity 10. Preparation of promotional materials

As a result of our study, we have prepared rich promotional materials. The main aim of
these promotional materials is the dissemination of our results and raising ecological
awareness of the importance of freshwater habitats in the mountain area. During the last
months, active promotion and education through short posts were done. For this task, we
have used a social network. Our posts deal with interesting facts about diatoms and
freshwater oligotrophic habitats on Vranica Mountain and elsewhere (App. 5).

Interesting facts about freshwater oligotrophic habitats on Vranica Mountain and about
diatoms are available at the following links:

Link 1. https://sway.office.com/Ce3NbXRigsK8Zyrkeref=Link&loc=mysways
Link 2. https://sway.office.com/SWFxHo 1 XD9GvVBtQ1 eref=Link&loc=mysways
Link 3. https://sway.office.com/wB5cUgl ARAWyeHMeref=Link&loc=mysways
Link 4. hitps://sway.office.com/y2vQOGKRgQV3QJ8teref=Link&loc=mysways
Link 5. hitps://sway.office.com/zwb9XTPoNF1NTzPxeref=Link&loc=mysways
Link 6. hitps://sway.office.com/XRiBs5LBoBkcO7112ref=Link&loc=mysways
Link 7. https://sway.office.com/eVFDrAWeRaW4yphGeref=Link&loc=mysways
Link 8. hitps://sway.office.com/dyVjqlyLfiRRwD50¢ref=Link&loc=mysways
Link 9. https://sway.office.com/QOMUbULLNzYNCFJYeref=Link&loc=mysways
Link 10. hitps://sway.office.com/APBKbwxUNNRé6Z5Yoref=Link&loc=mysways
Link 11. https://sway.office.com/Sc5NXIQR4CxyZ3BH2ref=Link&loc=mysways
Link 12. https://sway.office.com/[RPXINwIG4sIAbvGeref=Link&loc=mysways
Link 13. https://sway.office.com/4J8KoMRJU7aBloup2eref=Link&loc=mysways
Link 14. https://sway.office.com/dV2alGdU40IETvFb2ref=Link&loc=mysways
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Link 15. https://sway.office.com/TowPxMPzIRDa7imleref=Link&loc=mysways
Link 16. https://sway.office.com/QO2TkSoXCTiVljnb2ref=Link&loc=mysways

Plans for the future

It is planned to continue with our research. The focus of future research would be on
freshwater oligotfrophic habitat types, especially on mountain springs, mountain creeks,
mountain streams, mountain lakes and mountain peatlands. In addition to the algae of
phytobenthos that we have used as bioindicators to determine the ecological condition
of freshwater oligotrophic habitats, in the future we will include algae of phytoplankton
as an important component. In the continuation of our work, we would use the
knowledge and resources that we acquired during the realization of the First Rufford
project. Also, more attention would be focused on educating students and fieldwork. The
results of future research could be also used to prepare high-quality diploma and master
thesis within an institution where | am currently working.

Additional activities

During the regular fieldwork conducted at the Department of Biology, University of
Sarajevo, | had the opportunity to visit protected areas in Sarajevo Canton with students
of the fourth year. The fieldwork was realized in the area of the Natural Monument of
Vrelo Bosne and the Protected Landscape of Bijamabare. In these protected areas
students had the opportunity to get acquainted with the characteristics of oligotrophic
habitat types, and with the living world that inhabits them. In addition to the theoretical
part, students also practically worked on the field with the help of equipment purchased
by the grants of Rufford Foundation. In the field, students have used the equipment, filled
out the field protocol, tested the android application and sampled algae from selected
oligofrophic habitat types located within the protected areas (e.g. creeks and
peatlands).

We continued also with the promotion of our work to the broad range of public through
very popular media as follows: iNaturalist®® and YouTube?32,

Progress about our project is also available on ResearchGate.

In the continuation of the report, the following contents are presented:

1. Android applications (sampling protocol) and BIOTA 3 database manager,
2. Photos of new locdalities in the area of Vranica Mountains and
3. Working with students within the Protected Areas of Canton Sargjevo.

31 https://www.inaturalist.org/projects/conservation-of-freshwater-oligotrophic-habitats-on-vranica-mountain2tab=about
32 https://www.youtube.com/channel/UCSZBVEUVQGO40ETRFVYGie A2view_as=subscriber
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Var Field 1 Var Field 2
Species Code Family Genus Specific Name, Subsp.,Variety Subgenus Aux
ACHDKR |Achnanthidiaceae |Achnanthidium Achnanthidium kranzii 0
ACHMIN |Achnanthidiaceae | Achnanthidium Achnanthidium minutissimum 0
ADLBRY |Anomoeoneidacea|Adlafia Adlafia bryophila 0
AMPPEL lAmphipleuraceae |Amphipleura Amphipleura pellucida 0
AMPCOP Catenulaceae Amphora Amphora copulata 0
AMPINA Catenulaceae Amphora Amphora inariensis 0
AMPMIN Catenulaceae Amphora Amphora minutissima 0
AULALP |Aulacoseiraceae |Aulacoseira Aulacoseira alpigena 0
AULUCR ulacoseiraceae [Aulacoseira Aulacoseira crenatula 0
BRABRE Brachysiraceae |Brachysira Brachysira brebissonii 0
BRAINT Brachysiraceae [Brachysira Brachysira intermedia 0
CALAER Naviculaceae Caloneis Caloneis aerophila 0
CALAPS Naviculaceae Caloneis Caloneis alpestris 0
CALSIL |Nav|culacene Caloneis Caloneis silicula 0
CALATE Naviculaceae Caloneis Caloneis tenuis 0
CAVCOC Cavinulaceae Cavinula Cavinula cocconeiformis 0
CHAHME |Naviculales incerta Chamaepinnularia Chamaepinnularia mediocris 0
COCLNT Cocconeidaceae |Cocconeis Cocconeis lineata 0
COCPED Cocconeidaceae |Cocconeis Cocconeis pediculus 0
COCPLA Cocconeidaceae |Cocconeis Cocconeis placentula 0
COCPLK Cocconeidaceae |Cocconeis Cocconeis placentula var. kinorafis 0
COCOPL Cocconeidaceae |Cocconeis Cocconeis pseudolineata 0
CRACUS Stauroneidaceae |Craticula Craticula cuspidata 0
CYMSOL Surirellaceae Cyamatopleura Cymatopleura solea 0
CYMASP Cymbellaceae Cymbella Cymbella aspera 0
CYMNEO Cymbellaceae Cymbelia Cymbella neocistula 0
CYMNLC Cymbellaceae Cymbella Cymbella neolanceolata 0
CYMPRX Cymbellaceae Cymbela Cymbella proxima 0
CYMBAM Cymbellaceae Cymbopleura Cymbopleura amphicephala 0
CYMBAU Cymbellaceae Cymbopleura Cymbopleurs austriaca 0
CYMBCU Cymbellaceae Cymbopleura Cymbopleura cuspidata 0
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