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INTRODUCTION

The threat status of Estonian lichens was evalu-
ated in 1988 for the fi rst time; 40 species were 
included in the list of threatened lichens (Anony-
mous, 1993). Ten years later already 110 lichen 
species were included in Red Data Book (Rand-
lane, 1998). In these two early Red Data Books 
of Estonia only macrolichens were evaluated 
using a conventional system of threat catego-
ries while the criteria for defi ning the categories 
were mainly intuitive-emotional (Lilleleht, 1998; 

Randlane et al., 2008). In 2008 the international 
IUCN Red List system of categories together with 
clearly established criteria was used for the 
fi rst time in Estonia (Tartes, 2010). Altogether 
464 lichen species were evaluated then out 
of the total 1019 lichenized and closely allied 
fungi recorded nationally at that time. Among 
evaluated species, mainly macrolichens, 213 
were assigned to one of these IUCN categories: 
Regionally Extinct (RE), Critically Endangered 
(CR), Endangered (EN), Vulnerable (VU), Near 
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Threatened (NT) or Data Defi cient (DD), while 
251 species were assessed as Least Concern 
(LC) (Randlane et al., 2008). The next round of 
threat status assessments of Estonian lichens 
started in 2019 (Lõhmus et al., 2019). This 
process has been divided between fi ve different 
projects of which one is still ongoing. Results of 
the two fi nished projects have been published 
already (Lõhmus et al., 2019; Randlane et al., 
2021), and here we make the outcome of the 
third red-listing project public as well.

Thus, until the current round of red-listing of 
Estonian lichens, mainly the threat status of 
macrolichens has been assessed. The group of 
epiphytic lichens is overwhelmingly the most 
well studied group of lichenized fungi in Estonia 
(e.g., Marmor et al., 2017; Lõhmus & Lõhmus, 
2019; Liira et al., 2020) and, accordingly, the 
threat status of epiphytic and epixylic microli-
chens has been evaluated during recent years 
(Estonian Nature Information System EELIS, 
https://www.eelis.ee). Although the amount 
of the evaluated microlichens has increased 
considerably, the share of epigeic and epilithic 
taxa has remained insignifi cant (Lõhmus et al., 
2019; Randlane et al., 2021). In this study the 
threat status of 168 lichenized species grow-
ing mostly on rocks or ground were assessed 
for the fi rst time. Most of the total of 168 taxa 
were microlichens (163), while fi ve macrolichen 
species were also evaluated; none of them have 
been assessed against IUCN Red List categories 
and criteria before. 

MATERIAL AND METHODS

The main data source for species occurrence 
records was the PlutoF biodiversity database 
(https://plutof.ut.ee/; Abarenkov et al., 2010), 
that incorporates the data of specimens from all 
main Estonian herbaria (TUF, TALL and TAM). 
In addition, some literature records and the 
datasets of published and unpublished lichen 
research projects or inventories in Estonia were 
uploaded to the PlutoF database and made 
available for the expert group. Preparing the 
list of the species under evaluation and analys-
ing their distribution data, different regions of 
Estonia were selected (e.g., North-, East- and 
South-Estonia) where additional fi eld work was 
planned. Special effort was done to check the 
historical localities and to get new locality data to 

update the distribution maps of targeted species. 
Collected lichen samples were identifi ed in the 
laboratory using stereo- or light microscope and 
chemical analyses. Reference samples are kept 
in TUF. The dataset of records gained during 
the fi eld work was also uploaded to the PlutoF 
database. The taxonomy follows Randlane et 
al. (2021).

In principle, the same concept and the evalu-
ation process as during the previous red list 
assessments of lichens in Estonia were used 
(Randlane et al., 2008; Lõhmus et al., 2019). 
The latest IUCN guidelines for using the Red List 
categories and criteria (IUCN Standards and Pe-
titions Subcommittee, 2017, 2019) were applied 
as well as supplementary guidelines for apply-
ing IUCN Red List criteria for fungi (Dahlberg 
& Mueller, 2011). The following IUCN Red List 
categories were applied: RE, CR, EN, VU, NT, DD 
and LC. Of them, CR, EN and VU are threatened 
categories according to the IUCN guidelines. 
Similarly to the previous assessments (Randlane 
et al., 2008; Lõhmus et al., 2019), the species 
that had not been reliably reported from Estonia 
after 1950 were considered to be RE.

Applying IUCN criteria, criterium A (Population 
Size Reduction), B (Geographic Range), C (Small 
Population Size and Decline) and D (Very Small 
or Restricted Population) were assessed for each 
species and the highest according category was 
assigned to the species. Criterium E (Quantita-
tive Analysis) was not used due to the insuffi -
ciency of data. We applied quantitative threshold 
levels for category NT provided in Dahlberg & 
Mueller (2011). 

The length of a generation was considered 17 
years for epilithic sexually dispersed species, 
while 7 years for one generation was considered 
for epigeic species or epilithic lichens having 
asexual propagules (soredia, isidia, blastidia) 
as the usual estimate for lichens (Gärdenfors, 
2005; Lõhmus et al., 2019; Pykälä et al., 2019) 
(Appendix 1). The number of mature individuals 
(used in criteria C and D1) was considered up 
to 50 individuals per one locality. The popula-
tion was treated as severely fragmented if the 
distance between localities was more than 50 
or 100 km (for vegetatively or spore-dispersed 
species, respectively). Applying criteria A2 and 
A3, inferred or suspected decline of populations 
within the time length of three generations (i.e., 
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51 years or 21 years) were used. For delimiting 
the populations and subpopulations, as well as 
counting extent of occurrence (EOO) and area 
of occupancy (AOO) we used PlutoF biodiversity 
database and the base map of the Estonian Land 
Board (https://geoportaal.maaamet.ee).

Assessment of the threat status of targeted 
lichen species was carried out during January–
May 2022 by I. Jüriado and T. Randlane. The 
reviews of the assessments were provided by all 
authors and by lichen experts P. Lõhmus, A. 
Suija (University of Tartu) and L. Marmor-Ohtla 
(Tallinn Botanic Garden, Estonia). The process 
was performed using the Estonian Nature In-
formation System EELIS (https://www.eelis.ee); 
the species assessment sheets (including the 
relevant map fi les) are available to the registered 
users of this information system. 

RESULTS AND DISCUSSION

The threat status of Estonian lichens has been 
assessed since 1988 (Lilleleht, 1998), and the 
assessments of taxa that have not been evalu-
ated previously are still ongoing (Randlane et 
al., 2021). In this Red List assessment, following 
IUCN categories and criteria, the threat status 
of 168 lichenized species growing mostly on 
rocks or ground were assessed for the fi rst time 
in Estonia (Appendix 1). This constitutes nearly 
20% of lichenized taxa of Estonia (Randlane et 
al., 2021) and represents the signifi cant share 
of epilithic and epigeic species. This is an im-
portant accomplishment of ongoing red list as-
sessment of lichens in Estonia. By now 86% of 
lichens recorded in Estonia have been assessed 
against IUCN Red List categories and criteria.

Distribution between the categories
Most of the evaluated species represented micro-
lichens, only fi ve macrolichen species (Cata-
pyrenium daedaleum, Enchylium polycarpon, 
Lathagrium auriforme, Scytinium plicatile and 
Umbilicaria vellea) were included. Two of these, 
Lathagrium auriforme (found in 1932) and Um-
bilicaria vellea (found at the beginning of 20th 
century), are considered RE in Estonia, while 
other three are nationally endangered (Appendix 
1). In principle, the threat status of Estonian 
macrolichens has been evaluated during previ-
ous assessment periods (Lilleleht, 1998; Rand-
lane et al., 2008, 2021; Lõhmus et al., 2019), 

but some macrolichens had been overlooked or 
were not yet found in the region during previous 
assessments, such as Catapyrenium daedaleum 
(Suija et al., 2011).

Among the assessed species, 91 were assigned 
to the threat categories (CR, EN, VU), 17 spe-
cies were assigned to the category NT and 41 
species were assigned to the category LC. Data 
Defi cient (DD) category was applied for 17 spe-
cies, while NE category was not used for any 
species (Fig. 1). Among the threat categories 
almost equal number of species were assigned 
to categories EN (35) and VU (34), whereas 22 
species were assigned as critically endangered 
(CR). Proportionally, among the evaluated spe-
cies, the highest share, 54.2%, constituted the 
species of threat categories (CR, EN, VU) while 
24.4% of the species belonged to the category LC.

During the assessment process, criteria D (Very 
Small or Restricted Population, 107 cases) and B 
(Geographic Range, 88 cases) were mostly used 
(Appendix 1). The data for applying criterium A 
(mainly A2 and A3, Population Reduction) were 
available in 18 cases and criterium C (Small 
Population Size and Reduction) was possible to 
use only in four cases. Criteria D and B were 
also most commonly used in previous IUCN 
assessments in Estonia (Randlane et al., 2008; 
Lõhmus et al., 2019), whereas also criteria A and 
C were frequently applied during the assessment 
process in 2019 but much less applied in this 
assessment due to the lack of relevant data.

Substrate groups
In general, most of the evaluated species (81%, 
137 taxa) were growing on different types of rock 
or their host lichen was growing on rock (e.g., 
Protoparmelia atriseda and Rimularia furvella), 
16% (28 taxa) of all species were growing on 
soil, mosses or plant debris, and three taxa were 
growing on other substrates (e.g., Byssoloma 
subdiscordans on tree) (Appendix 1). This clas-
sifi cation is made according to the most common 
substrate habitation in Estonia as some species 
may occasionally grow both on calcareous rock 
or calcareous soil or both on granite or calcare-
ous rock. 

Of the evaluated epilithic lichens, 68 species 
were growing mainly on granite and 69 mainly 
on calcareous rocks (including also bricks, mor-
tar and other kind of anthropogenic substrata). 
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The distribution of epilithic species on different 
rock types between different IUCN categories 
was quite similar, except there was slightly 
higher proportions of VU and LC species among 
lichens on granite than on calcareous rock 
while the proportion of calciferous epilithic taxa 
was higher in the categories EN and NT (Fig. 
1). However, the conclusions about the threat 
status of a particular ecological group of species 
in Estonia cannot be drawn until the threat as-
sessments of the remaining share of taxa will 
be completed in 2023. 

Habitats and threat factors
In previous IUCN Red List assessments of Es-
tonian lichens, where the epiphytes were also 
considered, different woody habitats as dry 
boreal and nemoral deciduous forests, wooded 
meadows and parks have been emphasised as 
important habitats for threatened epiphytes 
(Lõhmus et al., 2019; Randlane et al., 2021). 
Furthermore, alvar grasslands, boreal heath 

forests, dry heathlands, sandy dunes and vari-
ous rock substrates have been pointed out as 
crucial habitats for threatened lichens in Esto-
nia (Leppik et al., 2013, 2015; Jüriado et al., 
2015, 2016; Lõhmus et al., 2019, Randlane et 
al., 2021). The evaluated epigeic and epilithic 
species in this study were mostly found in well-
lit habitats: in different type of grasslands, but 
mostly on alvar grassland, on the seashore, and 
in lesser extent in woody habitats, for example 
on erratic boulders in parks or in forest (e.g., 
oligo-mesotrophic boreal, mesotrophic boreal, 
eutrophic boreo-nemoral forest), or on calcare-
ous cliff in eutrophic boreo-nemoral forest (clint 
forest) (Tabel 1).

The results of IUCN Red List assessment of the 
epigeic microlichens in this study confi rmed 
that the species assigned to threat categories 
(CR, EN, VU) and to the category NT, were 
mostly found on soil, epigeic mosses or plant 
debris on shallow soil alvars. For threatened 

Fig. 1. Number of evaluated taxa among different IUCN Red List categories. Abbreviations of cate-
gories: RE – Regionally Extinct, CR – Critically Endangered, EN – Endangered, VU – Vulnerable, 
NT – Near Threatened, DD – Data Defi cient, LC – Least Concern. Number in the brackets is the 
total number of species assigned to the category. Ground – taxa growing on soil, mosses or plant 
debris on ground; Granite – taxa growing on erratic boulders and smaller acidic stones as pebbles 
or shingle; Calcareous – taxa growing on calcareous rock as exposed bedrock (fl atrock) on alvars 
and quarries, calcareous cliffs, limestone pebbles or shingle, and calcareous stones and mortar of 
buildings and walls; Other substrate – taxa growing on trees, wood or other lichens. 
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epigeic microlichens, the calcareous grasslands 
of less than 6 cm of soil layer with cryptogamic 
soil crust are the most suitable habitats (Lep-
pik et al., 2013, 2015). The alvars with soil 
layer thickness up to 10 cm have already too 
dense higher plant vegetation for occurrence 
of epigeic microlichens (crustose lichens), and 
for such habitats the lichens of fruticose and 
foliose growth form are characteristic (Leppik 
et al., 2013, 2015). The characteristic mem-
bers of alvar soil crust community, for example 
Gyalolechia spp., Megaspora verrucosa, Psora 
decipiens, Squamarina lentigera, Toninia spp., 
have been assessed against IUCN Red List 
categories already in 2008 and reassessed in 
2019, and they are continuously considered as 
threatened species in Estonia (Randlane et al., 
2008; Lõhmus et al., 2019). In this study many 
other epigeic taxa, including usual members of 
alvar soil crust community (e.g., Agonimia gelati-
nosa, A. vouauxii, Chromatochlamys muscorum), 
were assessed and evaluated as threatened by 
overgrowing of alvars due to the cessation of 
traditional management. 

Moreover, threatened lichens on granite were 
frequently found on boulders in well-lit alvars 
(e.g., Miriquidica deusta, Ophioparma ventosa, 
EN) or open seashore habitats (e.g., Acarospora 
sinopica, EN; Tremolecia atrata, VU). Other set 
of threatened taxa of granite preferred also 
shady and more humid conditions, growing on 
granite boulders in forest (e.g., Aspicilia laevata, 
VU; Pertusaria corallina, CR) or on inundated 

stones along riversides (e.g., Hydropunctaria 
rheitrophila, VU; Rinodina fi mbriata, CR) (Ap-
pendix 1). Threatened lichens on calcareous 
rocks were also mostly found in alvars and in 
the seashore (exposed bedrock and limestone 
pebbles) (e.g., Clauzadea chondrodes, EN; Far-
noldia jurana, NT), as well as on calcareous cliffs 
usually in more shaded conditions in clint forest 
(e.g., Alyxoria mougeotii, Gyalecta geoica EN). 
Additionally, different habitats of anthropogenic 
origin are important for threatened lichens on 
rocks, for example old stone walls, buildings and 
abandoned limestone quarries (e.g., Diplotomma 
venustum, Flavoplaca dichroa, NT; Appendix 1).

For the epilithic lichens on exposed calcareous 
rocks, pebbles and erratic boulders the cessa-
tion of traditional management of alvar grass-
lands is the main threat as already established 
for epigeic lichens (Leppik et al., 2013, 2015) 
and also for epiphytes in junipers (Jüriado et 
al., 2015). The conservation practices on al-
vars should include grazing for suppressing the 
growth of shrubs and herbs (Leppik et al., 2015). 
Lichens on erratic boulders are also infl uenced 
for bush encroachment of alvars as the light 
conditions on boulders change by dense shrub 
cover and the lichens preferring well-lit condi-
tions are vanishing. Epilithic communities on 
exposed bedrock (fl atrock) and low height cal-
careous cliffs are endangered by overgrowing of 
mosses and higher plants due to the cessation 
of traditional management of habitats. In the 
same time, communities of shallow soil are most 

Table 1. Occurrences of evaluated taxa in different habitats. One species can inhabit several 
suitable habitats. For the abbreviations of categories see Fig. 1. Open habitats – different types of 
grasslands, dunes, bogs and open habitats near the seashore (both epigeic and epilithic species 
are considered), number of species found in alvar grassland is given in bracklets.

Open habitats 
(alvar)

Calcareous cliff  
in clint forest

Erratic boulders in 
forest or parklands

Anthropogenic habitats 
(buildings, stone walls, quarries)

RE 2 (1) 1
CR 18 (4) 4 2 4
EN 33 (21) 10 6 7
VU 31 (19) 8 8 14
NT 17 (12) 5 2 11
DD 9 (4) 3 6 10
LC 40 (23) 9 8 26
Total 150 (84) 39 33 72
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prone of overgrazing and effects of trampling, so 
the careful balance in management practices 
are needed to sustain the valuable habitats 
(Eriksson & Rosén, 2008). Erratic boulders 
on seashore and close to the hiking trails are 
often target for climbing which is a direct an-
thropogenic threat factor not only for epilithic 
macrolichens (Randlane et al. 2021), but also 
the crustose species (e.g., Pertusaria corallina) 
are endangered. However, in 25% of assessed 
threatened epilithic microlichens in Estonia 
the threat factor is unknown: these are mostly 
lichens growing on erratic boulders in seashore 
(e.g., Circinaria leprosescens, Flavoplaca mi-
crothallina, VU). In fewer cases, the limestone 
mining, air pollution, climatic change and loss 
of old wooden buildings were also pointed out 
as threat factors.
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