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1. Relevance of the problem 

 

Algal culture collections are an integral part of phycology. Due to their growing 

role in human well-being, algal culture collections worldwide are developing ever 

more actively. They are of global importance as bioresource hubs and standard-

setting organizations, serving as a primary source and supplier of microalgal strains 

used across various domains of human life (Fig. 1). Today, such microalgal centers 

can help countries establish means to preserve their own genetic resources, make 

them accessible for research, and unlock nature’s potential to provide solutions to 

national economic, environmental, health, and food-related challenges—a 

bioresource cycle based on algae. Living algal collections are reservoirs of diverse 

algal strains stored in small quantities in liquid or solid agar media. Their purpose is 

to preserve biodiversity by maintaining it under controlled conditions, safeguarded 

from environmental changes. Thus, when adverse changes affect certain species 

occur, the collections can be used to restore biodiversity. In this regard, maintaining 

live strains of rare and endangered algae is of particular importance. Given the 

importance of algal collections for human practice and their value as a gene pool for 



biodiversity in each country, the taxonomic characterization of algal strains in every 

collection is of prime significance for the subsequent biotechnological exploitation 

of stored strains and forms a relevant basis for future systematic work and 

cryopreservation. 

 

2. State of knowledge and creative interpretation of the literature review 

 

The literature review shows the problem is important and topical, necessitating 

its development under Bulgarian conditions. The review is current and highly 

informative. The reference list includes 298 titles, 35 in Cyrillic and 263 in Latin 

script. The doctoral candidate demonstrates excellent familiarity with and creative 

interpretation of a wide range of Bulgarian and international scientific publications 

related to the topic. A complete list and brief characterization of the world’s algal 

culture collections by continent is presented. 

 

3. Aim and tasks of the research 

 

The dissertation’s aim is clearly and precisely formulated: to provide a 

taxonomic characterization of selected algal strains from the Living Algal Collection 

of Sofia University “St. Kliment Ohridski” – ACUS using classical and modern 

microscopic methods.  

To achieve this aim, the following seven tasks were set:  

• Selection of algal strains for taxonomic characterization from cultures 

available in ACUS, including newly collected materials during the work on this 

dissertation; 

• Preparation of a taxonomic characterization of all selected algal strains based 

on light microscopy with a focus on diagnostic features;  

• Assessment of morphological changes in selected algal strains occurring 

during their storage in ACUS (primarily compared with previously known published 

data for strains from the genera Vischeria, Klebsormidium, and Trochisciopsis over 

the years);  

• Examination of selected Bulgarian algal strains stored in ACUS using TEM;  

• Examination of selected Bulgarian algal strains stored in ACUS using SEM; 

• Production of microphotographs of the characterized strains using modern 

microscopic imaging equipment;  

• Study of the biotechnological potential of microalgal strains in ACUS based 

on published data. 

 

 

 



4. Object of the study 

 

The study covers 39 soil strains and 36 aerophilic strains from the Living Algal 

Collection of Sofia University “St. Kliment Ohridski” – ACUS, belonging to 

different evolutionary lineages and ecological groups, with different conservation 

status, collected from various localities and regions in Bulgaria, as follows:  

• The most numerous among the studied strains are representatives of the green 

evolutionary lineage (Chlorophyta and Streptophyta) – 74.7%, followed by the 

yellow-brown lineage (Ochrophyta) – 20%, with the fewest from the blue-green 

lineage (Cyanoprokaryota) – 5.3%;  

• Distribution of the ACUS strains by ecological groups: hydrophytum (1); 

aerophytum (31), incl. epiphytes (6), epiliths (24), endoliths (1); speleophytum (2); 

and edaphophytum (41). The hydrophytic strain is a specific species that successfully 

survives in aeroterrestrial conditions after water bodies dry out—Haematococcus 

lacustris;  

• In the Red List of Bulgarian microalgae, five algal taxa whose 18 strains are 

analyzed in this dissertation have conservation status: 2 species and 1 form are listed 

as Critically Endangered, 1 species as Endangered, and 1 species as Vulnerable; 

• The taxa studied here were selected from: Pirin Mts (soils and tree bark), Rila 

Mts (soils), Stara Planina (water), the Belogradchik rock complex (rocks and soils), 

Dineva Cave (village of Gintsi), Kresna Gorge (soil and tree bark), megaliths in 

Haskovo region (soils and rocks). Collections also include samples from protected 

areas in Bulgaria: NP “Pirin,” NP “Rila,” PA “Kresna Gorge,” PA “Belogradchik 

Rocks,” and PA “Gluhite Kamani.” 

 

5. Methods 

 

The experimental work was conducted at a contemporary scientific level using 

appropriate internationally established and state-of-the-art methods. Two groups of 

methodological approaches were used and mastered by the doctoral candidate.  

 

5.1. Cultivation methods and techniques.  

Cultivation techniques are described in detail and follow Andersen (2005), 

Uzunov (2009), and Gärtner et al. (2010). All algal strains in ACUS are maintained 

as monocultures in glass slant-agar tubes. Tubes are sealed with aluminum caps 

further wrapped with Parafilm to reduce evaporation and prevent contamination. For 

sampling, each tube is opened in an Alpina K1000 laminar flow cabinet with a HEPA 

filter, over an alcohol burner flame; beforehand, the cabinet airspace and surfaces are 

additionally disinfected using a UV lamp. During cultivation, three media were 



used—BG-11, Bold’s Basal Medium (BBM), and Bristol medium—each suitable for 

aeroterrestrial algae. Detailed recipes for all three media are provided.  

 

5.2. Light and electron microscopy.  

All examinations of algal colonies, as well as isolation of single cells for pure 

cultures, were performed with stereoscopic binocular microscopes “Motic” (10x, 

30x) and Nikon SMZ-18 (3.75x–270x). Light-microscopy studies used an upright 

Olympus BX53 and an inverted Nikon Eclipse Ti2-U. Images were captured with 

Olympus DP72, Nikon Digital Sight 10, and Orma Eurotek MD6iS HDMI cameras. 

Several standard and classical staining methods for algal cells were used (Ettl & 

Gärtner 1988). Vegetative cells (incl. heterocysts), zoospores, autospores, and 

aplanospores (incl. akinetes) were examined. 

 

6. Illustration and presentation of scientific results 

 

The dissertation submitted for review is well structured into ten chapters. It 

comprises 169 pages, 3 tables, and 41 figures, 32 of which contain multiple high-

quality micrographs of algae. This excellently illustrates the obtained and presented 

results. 

 

7. Discussion of results 

 

The laboratory results are discussed in detail and at a high professional level in 

Chapter Five, with corresponding conclusions drawn. It can be stated that the 

doctoral candidate, Kristian Ivanov, has developed into an experienced researcher in 

phycology. 

 

8. Conclusions and contributions 

 

As a result of the work, the candidate proposes 7 conclusions and 9 contributions.  

 

8.1. Conclusions:  

• A taxonomic characterization was made of 75 algal strains from ACUS after 

prolonged cultivation, belonging to three evolutionary lineages, four algal divisions 

(Cyanoprokaryota – 4, Chlorophyta – 43, Streptophyta – 13, and Ochrophyta – 15), 

eight classes, 14 orders, 16 families, 22 genera, 28 species, and one variety, including 

five species with conservation status in the Bulgarian Microalgae Red List;  

• The species identity of two strains of two species new to the algal flora of 

Bulgaria was determined—Coelastrella rubescens (Chlorophyta) and Botrydiopsis 

constricta (Ochrophyta);  



• It was found that 25 strains (33% of all) have reduced their cell sizes since 

deposition in the Collection (2007–2010) to date, and one strain shows a trend of 

shape change from oval to polyhedral. Possible reasons include nutrient limitation, 

light conditions, growth-phase effects, accumulation of waste products, adaptation 

to culture conditions, and temperature stress—factors known individually or jointly 

to affect strains in other collections and in nature;  

• TEM visualization results from artifacts of compression and structural 

distortions caused by ultramicrotomy/sectioning (2D distortion of a 3D structure); • 

SEM visualization results from artifacts induced by dehydration effects on algal 

cells;  

• Seven taxa are unique to the Living Algal Collection of Sofia University “St. 

Kliment Ohridski,” with no deposits found in other algal collections worldwide: 

Scytonema varium (ACUS 00128), Coelastrella aeroterrestrica (ACUS 00015), 

Coelastrella rubescens (ACUS 00134), Chlorella miniata (ACUS 00103), 

Trochisciopsis tetraspora f. minor (ACUS-S 12), Klebsormidium klebsii (ACUS 

00048 and ACUS 00105), and Botrydiopsis constricta (ACUS 00210).  

• The studied ACUS algal strains provide a basis for exploiting their 

biotechnological potential in areas such as bioenergy, bioremediation and water 

treatment, medicine and pharmacy (incl. dietary supplements), cosmetics, etc. 

 

8.2. Contributions:  

• For the first time, the morphological characteristics of 75 algal strains from 

the Living Algal Collection of Sofia University “St. Kliment Ohridski” – ACUS are 

described;  

• Two strains of two species new to Bulgaria’s algal flora are identified;  

• A reduction in cell size in 25 algal strains during prolonged storage in ACUS 

is established, with a hypothesis proposed for possible causes;  

• A trend toward change in cell shape—from oval to polyhedral—was found in 

only one strain as a result of prolonged storage in ACUS;  

• Based on SEM and TEM analyses of five strains from the taxa Klebsormidium 

dissectum (ACUS 00001 and ACUS 00004), Vischeria helvetica (ACUS 00024 and 

ACUS 00025), and Vischeria magna (00233), a recommendation is made 

highlighting the urgent need for SEM and TEM specialists in Bulgaria for 

microscopic algal research; 

 • An analysis of the biotechnological potential of the studied ACUS strains is 

made based on literature data, with a view to their future practical use;  

• The available strains (total 304) of algal taxa (24 species) from five collections 

worldwide, which are of the same species as some strains examined in this study, are 

identified to facilitate future collaboration and comparison of cytomorphological, 

ecological, genetic, and biochemical characteristics;  



• Eight algal strains from seven taxa are found to be unique to the Living Algal 

Collection of Sofia University “St. Kliment Ohridski” – ACUS;  

• Original microphotographs of all studied ACUS algal strains were produced 

using modern microscopy. 

 

9. Assessment of the degree of the candidate’s personal contribution 

 

The contributions in the work submitted for review are the personal 

achievement of the doctoral candidate, as evidenced by the publications related to 

the dissertation topic. 

 

10. Critical remarks 

 

The following remarks and recommendations can be made: 

• The 38-page literature review is excessively long and disrupts the balance 

between chapters. 

• I recommend moving Table 3, “Information on algal taxa from ACUS that 

are also available in other collections,” which spans 15 pages, to an appendix. 

• Contribution 5 is more in the nature of a recommendation. 

• Conclusions 4 and 5 can be merged. 

• The author’s abstract is too long; it is unnecessary to include publications 

unrelated to the dissertation, their citations, and lists of projects and 

conference participations not pertinent to the dissertation topic. 

 

11.  Author’s abstract 

 

The submitted author’s abstract fully and thoroughly reflects the essence of the 

dissertation and meets legal requirements. It is 48 pages long and includes 12 figures 

and one table. 

 

12.  Published articles related to the dissertation 

 

Part of the author’s dissertation-related research results are presented and 

discussed in 3 publications in prestigious scientific journals in 2024–2025. All 

publications are in English; one is single-authored; two are in impact-factor journals, 

and one has already been cited in a high-impact journal. The candidate has also 

worked on 3 projects related to the dissertation and presented findings at 4 

prestigious scientific forums. 

 

 



13.  Conclusion 

 

Based on the diverse research methods mastered and applied by the doctoral 

candidate, and the summaries, conclusions, recommendations, and contributions 

made, I consider that the candidate has excellently achieved the stated aim and tasks. 

The submitted dissertation fully meets the requirements of the Academic Staff 

Development Act and the regulations for acquiring scientific degrees and academic 

positions, which leads me to rate it highly. I hereby propose to the esteemed scientific 

jury that, upon a successful defense, it vote in favor of awarding Mr. Kristian 

Rosenov Ivanov, M.Sc., the educational and scientific degree of “Doctor” in the 

scientific specialty: Botany. 
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