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Abstract
Citizen science has successfully contributed lichen records to air pollution assessments 
and for detecting biodiversity hotspots, while its potential to survey broad lichen distri-
butions and trends in natural ecosystems is less clear. The main issue is whether non-
professional observers would be willing to visit remote areas to record inconspicuous 
organisms. We launched a nationwide citizen science campaign “Ready! Set! Lichen!” in 
Estonia (Northern Europe) that focused on collecting digital photo-based data on lichen 
distributions comparatively on live trees in forests versus in cut-over sites. Altogether 
1101 trees were surveyed by 362 participants. Of all observations, 86% were acceptable 
and revealed 86 species plus 33 morphospecies as identified by experts. For a test set 
of selected 12 common epiphytic species, the campaign expanded their known national 
distributions on average 13%, independently of their conspicuousness (thallus type). Our 
results indicated that a mass participation approach of citizen science: (i) can provide 
significant data to monitoring broad-scale population trends of common forest lichens, 
but the contributions remained small regarding (ii) the knowledge on rare and sparsely 
distributed habitat specialists and (iii) ecological factors behind the distributions (due to 
difficulties in keeping valid sampling design). We conclude that citizen-science projects 
on inconspicuous highly diverse taxon groups can contribute to conservation research if 
these projects are specifically designed for feasible goals, and we outline six main areas 
of application for lichen studies.

Keywords Biodiversity data · Epiphyte · Lichen monitoring · Photographic survey · 
Retention forestry
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Introduction

Biodiversity assessment for conservation purposes relies on rigorous data collection, which 
is often limited by time, funding or the availability of experts (Underwood et al. 2018). 
One possibility to support professional experts in large-scale data collection is to involve 
non-professional volunteers, which can be developed into methodologically valid ‘citizen 
science’-based surveys (e.g., Dickinson et al. 2012; SEP 2013; Kullenberg and Kasperowski 
2016; Pocock et al. 2017; Aavik et al. 2020). In addition to the obtained datasets and sci-
entific outputs, such biodiversity science campaigns contribute to education of the partici-
pants (Bonney et al. 2009) and, more widely, to public environmental awareness (SEP 2013; 
Meschini et al. 2021) and willingness to engage in conservation action (Day et al. 2022).

Lichens – symbiotic organisms comprising fungi and microalgae (or cyanobacteria) – 
are well-known bioindicators but have received relatively little attention in terms of citizen 
science. Thus far lichens have been included in ‘mass participation’ projects (easy par-
ticipation by anyone anywhere, like the BioBlitz) or, after training, in targeted monitoring 
actions at given locations (Will-Wolf 2002). It has been most popular to involve volunteers 
to document the response of lichens to air pollution. Examples include the occurrence of 
preselected nine macrolichen taxa on trees across the UK (Seed et al. 2013; Tregidgo et al. 
2013; Welden et al. 2018) or to transplanting oakmoss (Evernia prunastri) at private prop-
erties in rural and urban areas to survey in- and outdoor air quality in Slovakia (Paoli et al. 
2019). Another approach, more targeted to particular stakeholders or environmental activ-
ists, has been the use of selected well-recognizable species for detecting potential biodiver-
sity hotspots for conservation (e.g., Nitare 2000; Frati and Brunialti 2023; but see Uliczka et 
al. 2004 for limitations). Even solely photo-based surveys by trained volunteers can provide 
valuable biodiversity information, for example in national parks (Casanovas et al. 2014).

The rich lichen biota in forests represents a dilemma for citizen science. On the one 
hand, lichens remain under-studied (Di Marco et al. 2017) and almost neglected in biodi-
versity conservation policies (Gonçalves et al. 2021; Oyanedel et al. 2022). Although in the 
best studied regions, such as boreal Europe and North-America, several quantitative full-
assemblage datasets of forest lichens have provided insights into the management impacts 
at tree (e.g., Lundström et al. 2013, Hämäläinen et al. 2014; Kumar et al. 2017) and stand 
scales (Lõhmus and Lõhmus 2019), these have seldom contributed to regional Red List 
assessments (but see, e.g., Lõhmus and Lõhmus 2009). Broad-scale lichen distributions 
across the changing forest landscapes remain poorly known, while intensive forestry con-
tinues to degrade their habitats (e.g., Nascimbene et al. 2013; Lõhmus and Lõhmus 2019; 
Pykälä 2019) and affects even common species (e.g., Lõhmus et al. 2019; Pykälä et al. 2019; 
Randlane et al. 2021). On the other hand, complementing these existing datasets through 
non-expert campaigns runs against the main logic of citizen science: non-professional par-
ticipants are unlikely to visit remote sites (such as forests), particularly in sparsely populated 
production areas (such as clear-cut forest landscapes), in search of inconspicuous organisms 
(cf. Mair and Ruete 2016). The opportunities and limits for that are nevertheless important 
to understand.

We report on how a citizen-science campaign for untrained participants contributed to 
knowledge on forest lichen diversity in Estonia, which is a relatively sparsely populated 
country (on average, 29 people / km2) that has ca. 50% forest cover in hemiboreal Europe. 
The campaign was designed to achieve the following aims: (1) to gather nationwide dis-
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tribution data of epiphytic lichens over forest land, highlighting the ecological contrast 
between forest trees versus retention trees in cutover sites (previously documented using 
conventional research: Lõhmus et al. 2006, Lõhmus and Lõhmus 2010), (2) to analyse the 
potential of the campaign to improve species distribution data, and (3) to explore whether 
the species data gained with photographic survey are comparable to expert-collected datas-
ets and could complement those for monitoring of common forest lichens.

Materials and methods

The campaign

The campaign “Ready! Set! Lichen!“ (in Estonian, “Tähelepanu! Valmis olla! Samblik!“) 
took place from 26 June to 31 October 2021. The aim was to collect observations of epi-
phytic lichens throughout the territory of Estonia and to engage as many participants as pos-
sible. Participants were not expected to be familiar with any lichen species. The field data 
collection was based solely on digital images (submitted through a special web-based appli-
cation at www.samblik.ee), which were later ascribed to species by lichenology experts.

In the project period, participants were asked to visit any forest or a cutover site (prefer-
ably both) and to spot the largest living tree of any species in each habitat. A geographical 
positioning device and photo camera were mandatory equipment. Arriving to the tree trunk, 
the participant was asked: (i) to take the GPS coordinate (automatized on the digital map in 
the web-based application), and record the tree species and trunk size at breast height; (ii) to 
locate the most lichen rich place on the tree trunk at eye level, and (iii) to turn smartphone 
at landscape position and to take sharp images of that trunk area. Up to three photos were 
possible to upload; these are roughly comparable with conventional 20 × 20 cm lichen sur-
vey plots at breast height. An additional request was (iv) to record, along the whole trunk, 
the presence of four conspicuous macrolichens of conservation relevance (hereafter: target 
species): Lobaria pulmonaria, Leptogium saturninum, Hypogymnia farinacea (Nitare 2000; 
Lõhmus and Lõhmus 2019) and any species from genus Peltigera (Liira et al. 2007; Liira 
and Sepp 2009). These species had to be documented also with a photo upload.

The campaign webpage was available both in Estonian (speaken by 84% of the popula-
tion; 67% as mother tongue) and in Russian. It included the goals of the campaign, intro-
duction to lichens in general and their importance for forest ecosystems (three video clips), 
observation sheets and filling guides, photos of each target species as well as video clips 
about their main morphological characters. The materials were compiled with the help of 
a professional communication partner to link the request for usable research data with the 
information needs of untrained participants.

Data extraction, processing and analysis

In total, 1101 tree observations and 1716 photos of their epiphytic cover were uploaded 
on the campaign web-platform (examples in Online Resource 1). Among 362 participants 
(327 individuals and 35 ‘teams’ of family, friends or classmates), 49% provided only one 
observation, while 20 participants made more than six observations and contributed 46% of 
all observations.
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These materials were checked by lichen experts (authors PL and PD) and commented 
online on a weekly basis (https://samblikud.ee/galerii/#). Altogether 14% of observations 
were rejected, mostly because of missing or blurred photos (see Online Resource 1) or as 
duplicate observations. The habitat (forest or cutover site) was confirmed based on the GPS 
coordinate location using Google Maps satellite view; deviations (e.g., urban or settlement 
areas) were recorded. Tree species identification was checked based on the photos. Lichen 
taxa were identified, if possible, from all photos uploaded. The lichens which could not be 
morphologically identified to the species level were treated as morphogroups or solely at 
the genus level. For comparative analysis of forest vs. retention trees (dataset B, see below), 
only one photo (preferably the sharpest) per each tree was selected. From that photo, the 
species list was compiled and total % cover of all lichens (10% step scale; also separately 
for microlichens, i.e., lichens with a crustose thallus) was assessed relative to the trunk area 
captured. The assessment was always done by one expert (PL).

For analysis, two datasets were distinguished. Dataset A (‘distribution dataset’) com-
prised data from all observed trees and photos, including multiple trees sampled from the 
same forest and cutover sites as well as trees from urban or settlement areas. From this 
dataset, a test subset of 12 epiphytic species were selected to analyse the contribution of 
the campaign to records available from 2000 to 2021 in the PlutoF biodiversity data sys-
tem (https://plutof.ut.ee; Abarenkov et al. 2010). This time period represents the highest 
activity of full-assemblage research of forest lichens in Estonia accompanied with accurate 
(GPS based) locality information. Six macrolichens (Cladonia ochrochlora, Hypocenomyce 
scalaris, Hypogymnia tubulosa, Parmelia sulcata, Tuckermannopsis chlorophylla, Vulpi-
cida pinastri) and six microlichens (Acrocordia gemmata, Alyxoria varia, Bacidia fraxinea, 
Lecanora allophana, Lecidea nylanderi, Lepra amara) were chosen post hoc to illustrate 
this. Selection of the species was based on the rationale to have similar numbers of macro- 
and microlichens, and species with higher (> 30) and lower (< 20) observation frequencies 
in the campaign.

The 2 × 2 km grid of the European Environment Agency (EEA) for Estonia was used to 
assign each of the records to a grid cell using QGIS software (Development Team 2021). 
Thus, a species distribution was described by the number of grid cells with records (area of 
occupancy). For each species, the contribution of the campaign was calculated as the pro-
portion of new grid cells obtained compared with the PlutoF record cells.

Dataset B (‘forest vs retention tree dataset’) included only one photo per tree per location 
(see above). This was used for the comparative analysis of forest vs. retention trees, using 
two previous Estonian raw datasets as background references: (i) full lichen assemblage 
surveys in 133 standard forest and cutover study plots of 2 ha size (Lõhmus and Lõhmus 
2019) for comparing relative frequencies of species in the campaign dataset; (ii) tree-scale 
data (two 20 × 20 cm plots at breast height) on forest and retention trees in four regions in 
Estonia (Lõhmus et al. 2006) for comparing with lichen cover estimates on the photos taken 
during the campaign.

To compare lichens on forest trees with those on retention trees (following the design 
used in Lõhmus et al. 2006), we organized the dataset B as a balanced dataset of spatially 
close (maximum 10 km) pairs of forest vs. retention trees. Analysis of variance (ANOVA) 
was used to assess the difference in their mean species number and cover with Statistica® 
6.0 software (StatSoft 1984–2001).
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Results

Species and distribution data

Out of 947 accepted observations (Online Resource 2), 68% were in forest (two-thirds of 
these in protected areas), 18% on retention trees, and 14% outside forest land (settlements, 
parks, farmyards). They included 16 native forest tree species and six introduced tree spe-
cies (e.g., Larix sp. and Abies sp.). The most frequently sampled trees were Pinus sylvestris 
(305 observations), Betula pendula (178), Populus tremula (118), Quercus robur (72), and 
Picea abies (71). The observations from forest land (including clear-cuts) were well distrib-
uted over the whole mainland of Estonia and in six islands (Fig. 1).

In total 86 lichen-forming species and 33 morphospecies (hereafter as “species”) were 
photo-identified (Online Resources 2 and 3); 55% were microlichens. The proportion of 
morphospecies was 20% from the total number of observations, but the proportion was 
38% for microlichens and only 1% for macrolichens. Most frequent taxa were Hypogymnia 
physodes (on 44% of observed trees), Phlyctis argena (43%), Lepraria spp. (42%), Par-
melia sulcata (17%), Lecidea nylanderi (15%) and Ramalina farinacea (10%). All these 
species had > 60% frequency also in the expert-based reference study of forest and cutover 
sites (Online Resource 3). There were 53 observations of species of conservation concern, 
including nationally protected (e.g., Carbonicola anthracophila, Parmeliella triptophylla), 
threatened (e.g., Chrysothrix flavovirens) and/or indicator species of woodland key habitats 
(e.g., Alyxoria varia, Arthonia leucopellaea, Bacidia rubella) (Online Resource 3). The four 
target macrolichens were infrequently and often erroneously reported (27% of 144 observa-
tions could be confirmed; including Leptogium saturninum and Hypogymnia farinacea only 

Fig. 1 Locations of forest trees (black dots) and retention trees (grey dots) surveyed in the citizen-science 
campaign “Ready! Set! Lichen!” in Estonia in 2021
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observed once). Among the target species, the campaign improved known distribution only 
for Lobaria pulmonaria (four new 2 × 2 km grid cells).

The data on test-subset of 12 epiphytic species comprised 5214 national records (3593 
unique 2 × 2 km grid-cells occurrences), with 10.4% contributed by the campaign. The aver-
age contribution of the campaign per species was 13.4% ± 8.2% (SD) cells, with almost 
three times larger relative increases in more abundant than less abundant species (Online 
Resource 4). Thus, the most abundant microlichen considered, Lecidea nylanderi, had the 
largest increase (31%) (Online Resource 5), followed by the most abundant macrolichen 
Parmelia sulcata (22%). On average, microlichen areas of occupancy expanded even more 
than in the macrolichens (15.2% vs. 11.5%).

Lichens on forest trees versus retention trees

The total number of lichen-forming species observed on the photos was 106 on forest trees 
(n = 475) and 68 on retention trees (n = 132). The mean species number per photo did not dif-
fer significantly between forest and retention trees (on average, 3.4 and 3.3 species, respec-
tively), also for macro- and microlichen species considered separately (Fig. 2A). Mean 
lichen cover per photo was 65% on forest and 54% on retention trees; the difference was 
significant overall (ANOVA: F1 = 26.6, p < 0.01) and for macrolichens (F1 = 12.8, p < 0.01), 
but not for microlichens (Fig. 2B). Comparing the campaign and the reference datasets 

Fig. 2 Mean number of lichen 
species (A) and total lichen cover 
(B) per photo on forest (n = 475) 
and retention trees (n = 132) 
(filled circles). Values of the 
same variables are presented 
separately also for macrolichens 
(empty circle) and microlichens 
(asterisk). Whiskers are ± 95% 
confidence intervals
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revealed generally higher lichen cover values in the former (F1 = 8.5, p < 0.01; significant 
contrasts between forest and retained trees in birches and pines: Tukey HSD test, p < 0.01). 
In relative terms, the campaign confirmed tree species differences that were showed also in 
the expert-based study, except in the case of aspens (Fig. 3).

Discussion

The Estonian citizen science campaign for forest lichens revealed several opportunities and 
limitations worth consideration in monitoring and conservation of inconspicuous organ-
isms. We have synthesized these lessons into a tentative list of major contributions that such 
campaigns could make to biodiversity and conservation research (Table 1). Below, we focus 
on the main methodological findings of our case study.

First, the sampling was attended by hundreds of participants, but < 5% of these provided 
most of the material. This pattern may have emerged due to, for example: (i) short-term 
curiosity for enigmatic organisms – lichens are little recognised outside a small group of 
specialists, but easily seen once noticed; (ii) beginners were not stressed with identification 
tasks; (iii) the enthusiastic fraction of participants may have been motivated by a commu-
nicated awareness that the data will have instant value for researchers (see also Day et al. 
2022). What we do not know for our project is how many people went out but did not send 
their photos, and whether this could further bias the sample received (Johnston et al. 2023).

Second, more than a half of the observations were made in state forests in nature reserves, 
and clearly more often in forest trees than in retention trees on clear-cuts. Thus, despite a 
recommended paired sampling, the dataset became biased toward recreational forest areas 
attractive for urban citizens instead of typical managed forest landscapes (particularly 
private forest). In Estonia, this resembles not only the behaviour of human berry-pickers 
(Remm et al. 2018), but also of historical (haphazard) lichenological sampling by profes-
sionals (Lõhmus and Lõhmus 2009). It is unlikely that such preferences can be overcome 
by general campaigns. Rather, the poorly represented ecosystems should be purposefully 
addressed by expert programs, while private lands could be addressed by targeted requests 
to land-owners.

Third, the “blind photographic” campaign revealed many lichen species for a rather 
restricted microhabitat (relatively small tree-trunk area at the breast height), without includ-
ing other species rich microhabitats, like tree base or branches (Holien 1997; Boch et al. 
2013; Marmor et al. 2013). It partly results from the diversity of tree species sampled and 
the recommended focus on the largest living tree around (cf. Ellis 2012). The fact that half 
of the species and total observations were of microlichens can be considered an advan-
tage of a “blind photographic” campaign when the species sampling does not depend on 
what species the participant is able to detect on the tree trunk (cf. Johnston et al. 2023). 
Participants may have preferred to photograph the place with more macrolichens, but still 
both macro- and microlichens were captured on the photos, with microlichens having even 
slightly higher cover. In addition, most of the observed 86 species are common in Estonian 
forest land and well documented in expert surveys (Lõhmus and Lõhmus 2019). However, 
lichen identification often requires more information than a photograph can provide (nota-
bly micro-morphology and thallus chemistry). Machine learning for species recognition 
will not solve these limitations either (McMullin and Allen 2022) and hence many observa-
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Fig. 3 Comparative mean (± 95%CI) lichen cover on forest (filled circles) and retention trees (empty 
circle) by tree species. (A) The reference dataset using expert assessment (raw data of Lõhmus et al. 
2006). (B) The photo-based citizen-campaign. The number in the brackets indicate sample sizes of paired 
trees; ‘Broadl.’ – nemoral broad-leaved trees
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tions cannot be identified accurately. Morphospecies or parataxonomical units can be still 
used as species surrogates to analyse lichen diversity (Casanovas et al. 2014), but attention 
should be paid on possible systematic skewness (toward morphospecies of microlichens in 
the current study).

Fourth, the threatened target species used in the current study (Lobaria pulmonaria, 
Leptogium saturninum, Hypogymnia farinacea) were all macrolichens that can be easily 
noticed in the field and accurately identified on the photo. A low number of records of these 
species was partly expected due to their scarcity and aggregation to unmanaged forests 
(Lõhmus and Lõhmus 2019). In fact, a lack of their observations on retention-trees is still 
informative for understanding landscape-scale continuity of the populations. Nevertheless, 
the overall record scarcity suggests that a mass participation approach to citizen science 
may not pay off in case of some rare or sparsely distributed habitat specialists.

Finally, we measured the contribution of citizen-science biodiversity data as the amount 
of additional distribution data. We found that these contributions were larger for common 
lichens, including the inconspicuous microlichens. This indicates that the distributions 
of common species are relatively more underestimated by expert data. Risk of unnoticed 
decline of common species is relatively high, because only one-third of forest lichens appear 
to tolerate intensive even-aged forest management (Lõhmus and Lõhmus 2019) that is prac-
ticed widely in North-European countries (Gustafsson et al. 2020). At the same time, popu-
lation size reduction (criterion A) is the only out of four criteria that applies to the red-listing 
of widespread species by the IUCN system (IUCN 2022), but documenting declines of com-
mon forest species is challenging. It requires representative monitoring systems or observa-
tions collected across broad spatial and temporal scales (e.g., Nellis and Volke 2019), that 
have not been elaborated for forest lichens so far (but see Asta et al. 2002).

Citizen science protocols need to adhere to scientific methods in order to contribute 
directly to ecological monitoring and local decision-making (e.g., Gouraguine et al. 2019; 
Aavik et al. 2020). Our comparisons with the conventional research designs supported pre-
vious studies showing that lichens can be life-boated on retention trees in a short term 
(Lõhmus and Lõhmus 2010; Lundström et al. 2013, Hämäläinen et al. 2014). Some smaller 
deviations of the citizen data (e.g., lichen cover on forest and retention trees within tree 
species) could be related to low and unbalanced sample sizes of tree species and tree pairs. 
However, for long-term monitoring of life-boating effect of retention trees the repeatability 
of campaign data becomes critical. Citizen science campaigns are not always cost-effective 
in terms of human resources and money for spreading the information and attracting partici-
pants compared to expert costs (Alfonso et al. 2022), especially if large samples and reliable 
results are needed for sparsely populated regions.
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