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Abstract: A total of 15 taxa of eukaryotic algae and cyanobacteria were identified on different
surfaces in various artificial environments in the town of Kérmend, W Hungary. The lowest pos-
sible taxonomic level was used to identify the organisms. The most common taxon was Apatococcus
lobatus, which occurred in 6 out of 9 sampling sites. Gloeocapsa novacekii, Gloeocapsopsis dvoraki,
and Hassallia byssoidea, which have rarely been mentioned in Hungary, were also common in Kér-
mend. The green basal part of the Kérmend Millennium Monument was found to be the most
diverse habitat with 8 taxa. Research on terrestrial algae is important from both a scientific and a
conservation standpoint, especially given the ongoing global biodiversity crisis. Contributing with
new data to the knowledge on microbial diversitywould help to better understand and protect ter-
restrial microbial communities.
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INTRODUCTION

For aslongas the world has existed, terrestrial algae have played animportant
role in fundamental geological processes such as the weathering of rocks. While
they are active in the formation and transformation of soil and sediment, we see
the positive side of their activities as the focus of human attention. However,
when they act on rock art of artistic or historical importance, especially on build-
ings and monuments (PoPoVIC et al. 2018), we see them as obviously harmful
from an aesthetic point of view. There are many examples around the world of
how terrestrial algae cause aesthetic damage to cultural heritage, such as Angkor
temples, Cambodia (BARTOLI et al. 2014); Pompeii, Italy (TRAVERSETTI et al.
2018) or the Hieroglyphic Stairway in Copan, Honduras (CANEVA et al. 2005).

Various types of substrates such as stone, concrete, tree bark or soil are fa-
vourable to different microorganisms. As they grow, they can change the chemi-
cal and mineralogical composition of the original rock by altering its stability,
permeability, colour, and density (KovACik 2000).
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The susceptibility of stones and rocks to organisms is referred to as biorecep-
tivity (GUILLITTE 1995). Rather than differences in rock chemistry and mineral
composition, it is the high open porosity, capillary water content, surface rough-
ness, and pH of surface erosion that promote the growth of phototrophic biofilms
(P1NNA 2021). In addition, many factors affect the colonisation of cyanobacte-
ria and algae in terrestrial environments, such as water (humidity), temperature,
light, pH, and UV radiation (NowICKA-KRAWCZYK et al. 2022). To survive and
thrive in terrestrial environments, terrestrial algae have different cellular adap-
tations and life mechanisms (NOWICKA-KRAWCZYK et al. 2022, TERLOVA et al.
2021). In contrast to aquatic habitats, they form biofilms (endo- and epilithic)
on terrestrial surfaces, produce various protective biomolecules and extracellular
matrices, and alter cell volume in response to desiccation, UV radiation, and high/
low temperature fluctuations (KARSTEN ef al. 2007, LEVIN et al. 2023).

There are an increasing number of articles on the extensive, colourful re-
production of subaerial algae species on monuments or other buildings of high
architectural value (L1U et al. 2020, PURBANI et al. 2020). The composition of
the emerging biofilm communities depends on the geographical area and climat-
ic zone, mainly consisting of cyanobacteria in warmer regions and eukaryotic
microalgae in temperate regions (KARSTEN et al. 2007, NowICKA-KRAWCZYK
et al. 2022). There is also an increase in the number of articles on how to control
them, as they cause aesthetically unacceptable discolouration of buildings, sculp-
tures or monuments (DE LUcA et al. 2024, NOwICKA-KRAWCZYK et al. 2019).
However, in order to defend against them, we must first know what there is.

Despite the appropriate climatic conditions and environmental factors, rel-
atively few articles have been published recently on the distribution of terrestrial
algae in Hungary (T-KRASZNAI et al. 2023). Therefore, our aim was to contribute
to filling this gap. The study of the flora and fauna of the plains of the river Raba
in the surroundings of Kérmend has been ongoing since the 1990s. Several sum-
mary studies have been published on the plants (BALOGH 2023, SZINETAR 19944,
b) and the insect (NAGY 2021) or spider (KovAcs et al. 2012) fauna. However,
the algal flora of the terrestrial habitats has not been investigated so far. Here,
we report on aerial cyanobacteria and algae flora on the surface of buildings and
sculptures from different parts of Kérmend.

MATERIAL AND METHODS
The samples were collected from 9 different locations in Kérmend, Hungary
on 24.07.2024 (Fig. 1). Samples were taken with toothbrushes from a variety of

artificial environments, such as statues, walls and gates as well as various surfaces,
including concrete, limestone, cement walls, plastic, and metal (see Fig. 2, Table 1).
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Fig. 1. The map of sampling area in Kérmend, Hungary. The numbers indicate the sampling
locations (see Table 1 for more details).

Fig. 2. Photos of some sampling points in Kérmend. The numbers indicate the sampling locations
(see Table 1 for more details).
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Table 1. List of sampling sites and the nature of habitat.

No. Place of collection Substrata  Colour
1 Rakoczi street, cement wall in front of shop cementwall  green
2 J. Vida street underpass edge concrete green
3 Ko6rmend Millennium Monument, red part limestone red

4 Kormend Millennium Monument, base limestone green
5 Faludi Ferenc Library in Kérmend, northern wall concrete red

6 Dr Batthyényi street, utility box plastic green
7 The gate of Kérmend Castle metal green
8 Ko6rmendi Children’s Library, northern wall cementwall  green
9 Unrestored western wall of the guardhouse of Kérmend Castle concrete brown

Table 2. List of cyanobacteria and algae identified in the sampling points in Kérmend, Hungary.
The numbers indicate the sampling locations (see Table 1 for more details).

Species name 1 2 3 4 5 6 7 8 9
Cyanobacteria

Hassallia byssoidea Hassall ex Bornet et Flahault + +

Gloeocapsa novacekii Komarek et Anagnotidis + + 4+ +
Gloeocapsopsis cf. dvorakii (Novacek) Komérek et + + 4+

Anagnostidis ex Komarek

cf. Gloeocapsopsis sp. +

Microcoleus sp. +

Nostoc commune Vaucher ex Bornet et Flahault +
cf. Nostoc sp. +

Phormidium sp. +

Chlorophyta

Apatococcus lobatus (Chodat) J. B. Petersen + + + + + 4+
Stichococcus cf. bacillaris Nageli +

cf. Trentepoblia sp. + +

Charophyta

Klebsormidium sp. +

Heterokontophyta

Achnanthes sp. +

Hantzschia amphioxys (Ehrenberg) Grunow +
cf. Pinnularia cf. borealis Ehrenberg +
Total species number 4 1 3 8 4 1 1 1 5
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The fresh samples were immediately studied with a Zeiss Axio Observer 7
inverted microscope at 100-630x magnification. The species observed were doc-
umented using a Canon EOS R6 digital camera. Organisms were identified at the
lowest possible taxonomic level. Most recent accepted name of taxa was consid-
ered by AlgaeBase (GUIRY and GUIRY 2025). The morphological features of the
cells, colonies and thalli were used to identify cyanobacteria and algae.

Fig. 3. Photos of the terrestrial species in Kormend - a) Apatococcus lobatus (Chodat) J. B. Petersen;

b) Hassallia byssoidea Hassall ex Bornet et Flahault; ¢) Gloeocapsopsis dvorakii (Novécek) Komérek

et Anagnostidis ex Komarek; d—e) Gloeocapsa novacekii Komarek et Anagnotidis; f) Nostoc com-
mune Vaucher ex Bornet et Flahault. Scale bar 10 um.
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RESULTS

A total of 15 eukaryotic algae and cyanobacteria taxa were identified at
genus or species level from the different substrata and localities (Table 2). The
Cyanobacteria was the most diverse group with 8 taxa, while 3-3 taxa of Chlo-
rophyta and Heterokontophyta were recorded, respectively. Only one taxon of
Charophyta occurred in the samples.

The most abundant taxon, Apatococcus lobatus (Chodat) J. B. Petersen, oc-
curred at 6 sampling sites (Fig. 3a). Gloeocapsa novacekii Komarek et Anagnotidis
(Fig. 3d—e), Gloeocapsopsis dvorakii (Novécek) Komérek et Anagnostidis ex Ko-
marek (Fig. 3¢), and Hassallia byssoidea Hassall ex Bornet et Flahault (Fig. 3b)
were also common in two different parts of Kérmend (sampling sites 3-5 and 9;
Fig. 1). The other species occurred only at 1-1 sampling site.

The base of the Ké6rmend Millennium Monument was the most diverse hab-
itat with 8 taxa. Four of the 9 sampling sites were dominated by only one species
(Apatococcus lobatus) (‘Table 2).

The samples taken from the green patches of the cement wall, limestone,
plastic, metal, and concrete surfaces (Fig. 2; site 1, 2, 6, 7, 8) were dominated by
Apatococcus lobatus. The green patches at the base of the Millennium Monument
in K6rmend were more species-rich than the other green patches.

Species that were previously rarely mentioned in Hungary, such as Gloeocapsa
novacekii and Gloeocapsopsis dvorakii as well as Hassallia byssoidea were common
in red surface samples.

The taxa Hantzschia amphioxys (Ehrenberg) Grunow, Pinnularia cf. borealis
Ehrenberg, and Nostoc commune Vaucher ex Bornet et Flahault (Fig. 3f), which were
identified in samples from the brownish surface of the unrestored western wall of
the guardhouse of Kérmend Castle, were not found at other sites (Fig. 2, site 9).

DISCUSSION

Terrestrial algae are a special group within the algae groups that have adapt-
ed to desiccation and extreme environments (NOWICKA-KRAWCZYK et al. 2022),
which can be harsher than those found in aquatic habitats. They are often found
in shaded micro-environments that offer some protection from the weather, such
as pavements, old buildings, soil surfaces, rocks, and ancient built structures. The
species composition and diversity of these habitats are mainly determined by mi-
croclimatic factors such as humidity and desiccation as well as surface properties
(MACEDO et al. 2009; RiNDI and GUIRY 2004).

Our results show that the algal assemblage collected in different parts of
Kormend is characterised by a generally low diversity. The study identified fifteen
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species of algae and cyanobacteria at the lowest possible level of identification.
Those species that could not be identified are not mentioned. The taxa occurred
on a variety of substrates and in various locations, forming patches of different
colours.

The number of species we found (15 taxa) is considered to be average com-
pared to the number of species published in surveys (10 taxa — LJALJEVI¢-GRBIC
et al. 2010; 18 taxa — POPOVIC et al. 2018; 17 taxa — RINDI and GUIRY 2004; 25
taxa — UHER 2008). However, in larger surveys, the number of species may exceed
50-100 species (47 taxa — SAMAD and ADHIKARY 2008; 172 taxa — MACEDO et
al. 2009). In terrestrial environments, it is not unusual for a biofilm to be formed
by only a few species, or even just a single species. GARTNER and STOYNEVA
(2003) found that the green layers were formed only by Apatococcus lobatus. The
green microalga Apatococcus lobatus is widely distributed in terrestrial habitats.
It can be found throughout many climatic zones (GUSTAVS et al. 2016). This is
supported by our results, there were sites such as surfaces of cement wall, plastic,
metal, and concrete, where only A. lobatus was present.

Only a few taxa found by us are mentioned in the most recent database of
algae and cyanobacteria in Hungary (GORGENYI et al. 2023; NEMETH and Bucz-
KO 2024; T-KRASZNAI et al. 2023). Of the species identified herein, the coc-
coid cyanobacteria Gloeocapsa novacekii was previously mentioned only from
Debrecen, Hungary (T-KRASZNAI et al. 2023). Its occurrence in Kérmend is not
only new, but also the second distribution data for Hungary. Two records of the
filamentous cyanobacterium Hassallia byssoidea were previously published from
Hungary: one from Kiskunsdg (KoMAROMY and PADISAK 1999), and one from
Debrecen (T-KRASZNAI et al. 2023). Its occurrence in Kérmend represents a new
distribution data set for Hungary. Gloeocapsopsis dvorakii, a coccoid cyanobac-
terium, is also a rare species in Hungary. To the best of our knowledge, it is new
to the Hungarian algae flora. It was described as Gloeocapsa dvorakii Novacek in
1929. This aerophytic species can be distinguished from other Gloeocapsopsis spe-
cies by its rusty-red or orange-red sheaths.

In the shadow of the global biodiversity crisis and mass extinctions, the im-
portance of biodiversity conservation is becoming increasingly apparent (COWIE
et al. 2022). Even in aquatic environments, the biodiversity of microorganisms is
still a neglected area, thus relatively little is known about the diversity and bio-
geography of terrestrial algae. Despite systematic research conducted by some
countries on these algal groups, they are considered understudied at the global
level (HAUER 2007, HAUER et al. 2015). However, species-level identification
of terrestrial algae is often difficult because of the high morphological similar-
ity of species (RINDI and GUIRY 2004). Although genetic tests (e.g. DNA-based
identification) can help to improve identification (Jusko and JOHANSEN 2024,
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NGUYEN et al. 2017), these can be costly and adequate financial support is often
lacking. A further limitation is that the coverage of databases is not yet com-
plete, so that many sequences appear only as “barcodes” without species names.
Nevertheless, there are species that can be identified even by light microscopy at
genus or even species level. We believe that these types of experiments, even if
incomplete, are more useful than the complete absence of data.

In conclusion, research on terrestrial algae is important both scientifically
and for conservation, especially in the current biodiversity crisis. Filling the gap
in our knowledge of terrestrial algae could improve our understanding of terres-
trial microbial communities and help to conserve them.

* X %
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Osszefoglalé: Magyarorszag nyugati részén taldlhaté Kérmend véarosanak kiilonbszé mes-
terséges feliileteirél 6sszesen 15 eukaridta alga és cianobaktérium taxont azonositottunk. Az él6-
lények azonositdsa a lehetd legalacsonyabb rendszertani szinten tértént. A leggyakoribb taxon az
Apatococcus lobatus z6ldalga faj volt, amely a 9 mintavételi helybél 6 helyen fordult elé. A hazank-
ban ritkdn emlitett Gloeocapsa novacekii, Gloeocapsopsis dvorakii, Hassallia byssoidea szintén gya-
koriak voltak K6rmenden. A Kérmendi Millenniumi Emlékmi alsé része volt a legvaltozatosabb
¢él6hely 8 taxonnal. Gloeocapsopsis dvorakii Gj adat Magyarorszag flérajara. A szdrazfoldi algdk ku-
tatdsa mind tudomanyos, mind természetvédelmi szempontbdl fontos, kiillonésen a napjainkban
is zajl6 biodiverzitas-valsag miatt. A tuddshidny barminemi csokkentése hozzajarul a szarazfoldi
mikrobidlis k6zosségek jobb megértéséhez és védelméhez.
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