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Kenya is regarded as a biodiversity hotspot. However, biodiversity conservation has been
coupled with a few challenges including economic constraints, habitat degradation, cli-
mate change, industrialization, and lack of environmental awareness. The current research
aimed to reveal the existing knowledge of lichens from Kenyan citizens, literate and il-
literate, old and young, and urban and rural, and show the role of including local knowl-
edge in their utilization. This interdisciplinary study combining lichenology and cultural
anthropology was conducted in four counties in Kenya (Kakamega, Narok, Nairobi, and
Makueni) through semi-structured interviews between July and September 2023.

The results show a gap of knowledge on lichens (morphological, ecological aspects)
between youths and aged people especially in the urban areas. Awareness of nature con-
servation depends on traditional or educational knowledge considering that illiterate
individuals have substantial conservation know-how. Conservation activities have mul-
tidisciplinary aspects. All stakeholders must play their role inclusive of the local conserva-
tionists. Traditional knowledge has been underestimated generally, though it is important
in awareness of conservation matters.

Key words: conservation, cultural and environmental threats, diversity, socio-cultural en-
vironment, traditional knowledge

INTRODUCTION

Tropical ecosystems, particularly their forests, are characterized by high
levels of biodiversity ranging from animals to plants (Mittermeier et al. 2003,
2004, 2011). The East African region has a unique biodiversity hosted by the
Great Rift Valley that runs from Mozambique through Tanzania and Kenya and
ends in Ethiopia. Van Breugel et al. (2015) adopted a recently developed high-
resolution potential natural vegetation map for East Africa to support the iden-
tification of the conservation priorities and studied how these are represented
in the protected area network of the area. This may contribute to a more di-
rect representation of global priorities in regional or national implementations.
Kenya hosts a wide range of terrestrial tropical habitats, including mangrove
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and coastal forests, cloud forests and alpine vegetation found at high altitudes.
Kenya has experienced a roughly 1 °C increase in mean annual temperature
since the 1970s, while a total of 76,346 km? area of the country was shifted from
a cooler to a warmer zone, and the hottest zone increased 0.59 °C (Lawrence
et al. 2023). Furthermore, a total of 136,129 km? was shifted from a wetter to a
drier zone, and the average precipitation in the most arid zone decreased 2.57
mm, resulting that all arid regions expanded from 72% over all of Kenya’s area
in 1980 to 81% in 2020 (Habel et al. 2023, Lawrence et al. 2023). Therefore, the
biodiversity is decreasing enormously over time due to environmental chang-
es (Mittermeier et al. 2003, 2004, 2011, van Breugel et al. 2015). This fact needs
special attention, since the mountains especially in East Africa, such as the an-
cient Eastern Arc Mountains spanning from southern Tanzania to Kenya are
encompassed by extensive arid woodlands and savannas still representing a
considerable diversity in plants and animals (Mittermeier et al. 2011). Thus, the
country is one of the most intensely investigated East African areas particularly
for its abundant lichen vegetation (Farkas and Muhoro 2022, Farkas et al. 2023,
Kaasalainen et al. 2021, 2022, 2023, Swinscow and Krog 1988) with an estimation
of 1,400 species by Tassilo Feuerer in 2011 (Kirika et al. 2012).

Lichens are symbiotic organisms of a primary fungus (mycobiont), a pri-
mary photosynthetic partner (photobiont), and an indeterminate number of
further microorganisms (Hawksworth and Grube 2020). Lichens are known
to live on various substrates (soil, rock, tree bark, leaves of evergreen trees),
morphologically are grouped as crustose (closely covering a surface), foliose
(leaf-like), and fruticose (shrubby) (Nash 2008). There are more than a thou-
sand lichen secondary metabolites produced almost exclusively by lichens
with antibacterial, antifungal, analgesic, antipyretic, and anti-inflammatory
activities making them valuable for the pharmaceutical industry (Molnar and
Farkas 2010).

The other side of the problem (i.e., the decrease of biodiversity) is that the
destruction of natural forest ecosystems reduces the quality of livelihoods of lo-
cal people. This also means a transformation of the socio-cultural environment
and system; thus, the loss is multiple. It has also become clearer and more and
more necessary, therefore, to re-align the natural and cultural environment, to
identify and create the “survival” and “revival” that are well known in cultural
anthropology and sociology (associated with the names of Tylor and Durk-
heim, respectively) (Eller 2020). Consequently, there is a need for intergener-
ational communication and better communication of scientific knowledge to
policy makers and society. A consistent example from southern Kenya is that
researchers and governmental organizations are taking the initiative to prevent
ecosystem degradation by involving the local community, with local tradition-
al knowledge and intergenerational communication as the cornerstone (Habel
et al. 2023). The protection of biological and ecological diversity has been a pol-
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icy and sustainability issue for some time, but cultural protection lags behind,
even though they share many common factors that, when addressed together,
point to a much better outcome. These include culturally relevant education
and revitalisation programmes (Pretty and Pilgrim 2008). This paper, in broad
agreement with this, argues that in order to gather appropriate knowledge,
an interdisciplinary study is necessary, the natural science, ecological-botanical
approach alone is not sufficient, but that a social science, social and cognitive
anthropology approach is also needed, i.e., an approach that involves meeting
and communicating with people. The current research will do this in relation
to a specific question, in specific places, combining and consistently applying
together the interface between lichen-biology/ecology and cultural anthro-
pology. This yields, for example, information about how members of a given
community relate to changes in their environment and what factual or abstract
knowledge they have about particular elements of it (in this case, lichens). This
is all the more justified because of the following factors.

There are a few ethnobotanical studies in Kenya (Muthee et al. 2011),
where traditionally applied medicinal plants (for example with anthelmintic
effect) are revealed. Nankaya et al. (2020) based on data from 289 plant spe-
cies found that gastrointestinal and respiratory system disorders were most
often treated by them. In the field of ethnolichenology, researchers try to find
indigenous knowledge on the traditional applications of lichens by humans
(Devkota et al. 2017, Vinayaka and Kekuda 2023, Yang et al. 2021). Indigenous
and traditional knowledge refers to the specific information passed down
through generations among indigenous and local communities, exclusive to a
particular culture or community. Higher plants (herbs) and lichens have sev-
eral such traditional applications (alleviating respiratory or gastrointestinal
disorders), especially in medicine (Gakuya et al. 2020). Therefore, lichens can
be utilized in pharmaceutical products as raw materials (Pereira et al. 2020).
Collection and preservation of ethnomycological and ethnolichenological
data is supported by the initiative “Ethnomycological knowledge in Africa”
by the database application EthnoMycAfrica launched in 2021. Its aim was to
create a repository for published data from recent peer-reviewed publications
and books (Kinge et al. 2023).

Currently, most children are no longer interested in learning the prac-
tices of their ancestors, as often hypothesize that traditional knowledge may
not help them later in life, and thus traditions (less useful or even useful ones)
are being lost at a fast rate (Bellino 2018, Gémez-Baggethun 2022). A signifi-
cant part of this knowledge loss is due to cultural modernization. Globaliza-
tion has put pressure on people to integrate and adapt to the ways of other
cultures. This is also true for many smaller societies or indigenous people. The
youth of the society, not seeing much value in their traditional ways due to
schooling and digital tools introduction, have dropped many traditions and
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absorbed the new culture (Fernandez-Llamazares et al. 2021). This has led to a
gap in the knowledge of the traditional culture and a loss of valuable cultural
assets. The transmission of indigenous knowledge is vital to the survival of
the knowledge itself, as without it, the knowledge cannot be passed down to
new generations of community members. Additionally, knowledge transmis-
sion is a key to maintaining the culture and identity of a given community,
which is characterized by its way of life and its heritage (Huntington 2018).
Joining the elders and youth in participatory research related to their knowl-
edge is an important step in reversing this trend, as it validates the knowledge
of the youth and encourages them to assume the role of knowledge reser-
voirs (Bellino 2018). Although there is substantial research on lichen diversity
and threats caused by environmental changes in East Africa including Kenya,
there is a gap between limited traditional knowledge on lichens and its pas-
sage to newer generations, especially their use and conservation measures
compared to other regions. Most studies primarily focus on lichen diversity,
taxonomy, habitat (Farkas and Muhoro 2022, Farkas et al. 2023, Kaasalainen
et al. 2021, 2022, 2023, Suija et al. 2018, Swinscow and Krog 1988), and com-
position (Kirika ef al. 2018), while some citizens are rich in knowledge mostly
acquired through direct contact with their environment.

Based on the above facts and tendencies, the current research aimed to
reveal the existing knowledge of lichens among Kenyan citizens, literate and
illiterate, old and young, and urban and rural, and show the role of including
local knowledge in their utilization, especially in lichen conservation.

MATERIALS AND METHODS
Study area

The study was conducted in four major counties in Kenya out of the 47
counties of the country. The study areas are named after the counties Kaka-
mega, Narok, Nairobi, and Makueni (14 respectively) as shown in Figure 1.
The map was constructed by a computer program for geographical informa-
tion systems QGIS 3.36 “‘Maidenhead’, released in 2024. More or less the entire
county (in the case of Nairobi and Makueni) or a considerable part of the
county (in the case of Kakamega and Narok) was visited and investigated. The
northern and eastern part due to geography, relief, climate and vegetation is
regarded less rich in lichens, furthermore these areas have a lower popula-
tion density. Therefore, the choice of the study areas was determined by these
facts (see also further explanations below under characterization of climate).

According to Kenya National Bureau of Statistics (KNBS) 2019 (KNBS
2019a), the country’s population was 47,564,296.
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Kakamega County (1) is situated in the former Western Province of Kenya.
The population of the county is 1,867,579 (KNBS 2019b) and its area is 3,033.8
km? The elevation of Kakamega County ranges from 1,240 m to 2,000 m
above sea level and includes the only existing tropical rainforest (Kakamega
Forest) in Kenya (Andole et al. 2020). This region is home to the Luhya peo-
ple, Kenya’s third largest ethnic group after the Kikuyu and Luo. The area is
densely populated, which affects land utilisation and livelihoods. Agriculture
is practised on small plots of land, which are becoming smaller for the next
generation. At the same time, they have a strong connection with nature, and
the tension between local and western knowledge and customs, as described

1 — Kakamega

2 — Narok
3 — Nairobi
4 — Makueni

Fig. 1. The geographical map of Kenya presenting the study areas within county bounda-
ries (QGIS 3.36 “‘Maidenhead’ 2024). Scale 100 km
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by some authors, is particularly evident here (Tomory 2019). The Luhya com-
munity will not give up the struggle for nature and traditional knowledge
without a fight (Khasandi-Telewa 2016).

Narok County (2) is situated in the southern part of the Great Rift Val-
ley. The county is positioned between the latitudes 0° 50" and 1° 50" S, and the
longitudes 35° 28" and 36° 25" E (CoG 2022). The 2019 census estimates the
population at 1,157,873, with the Maa community being the dominant ethnic
group (KNBS 2019b). They are better known as Maasai and are well known
for their cultural and conservation activities and advocacy in the area. In 2023,
Narok leaders called for the preservation of Kenyan cultures to preserve the
country’s heritage and pointed out that Maasai culture and sustainability are
intertwined and play a role in the diversity of the country’s tourism offerings.
They see education as an intermediary bundle and argue for sustainable liv-
ing and traditional knowledge (Kirui 2024).

Nairobi County (3) involves the capital city of Kenya and acts as the Cen-
tral Business District for the surrounding areas, situated between coordinates
1°09" S36° 39 E and 1° 27" S 37° 06" E (Ren et al. 2020). It covers an area of 696
km?. The Ngong Hills, situated west of the city, and the Karura Forest in the
north, are the predominant topographical features of the Nairobi region which
has a population of 4,397,073 according to Kenyan census 2019 (KNBS 2019a).
It is also the central area of the country’s largest ethnic group, the Kikuyu peo-
ple. The Kikuyus traditionally follow the environmental philosophy, which in
the African way of thinking is one of the cornerstones of nature knowledge and
respect for nature in accordance with environmental ethics. The gap between
this and Western (European) attitudes also causes the cultural tension and dis-
crepancy in knowledge interpretation that Tomory discusses in the perspec-
tive of enculturation-socialization and educational challenges and paradoxes.
Agreeing with her, this is also why it is important to collect local knowledge in
all aspects, especially with regard to natural knowledge, for which first-hand
information is the most valuable (Tomory 2018, 2024).

Makueni County (4) is in the former Eastern Province of Kenya. The
county’s population, as documented in the 2019 Census (KNBS 20190), is at
987,653. The county is located between the geographical coordinates of lati-
tude 1° 35" and 2° 59’ S, and longitude 37° 10" and 38° 30" E. The county experi-
ences a semi-arid climate, characterized by an average temperature range of
15 °C to 26 °C (MCIDP 2018). The majority of the population here belongs to
the Kamba ethnic group. The Kamba culture has also encountered a widening
gap between Western and African ways of thinking, a marked manifestation of
which has been the shift from natural material pots to plastic containers. This
was opposed in 2001 by the Kamba Kyanika Adult Women Group (KAWG),
who approached the International Plant Genetic Resources Institute (IPGRI)
(now Alliance of Bioversity International and CIAT) and the National Muse-
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ums of Kenya (NMK) to seek a solution to the impending loss of landscape
varieties and knowledge. KAWG members expressed a number of concerns,
including the fact that the cultivation of Kitete (Lagenaria siceraria, a particu-
lar type of pumpkin) and the availability of many traditional varieties are in
decline. They expressed concern that younger women did not have enough
knowledge about the varieties available and that older women were not pass-
ing on knowledge to younger women because either there was low interest, or
the squash varieties were no longer present in the fields (Kennedy et al. 2022).
The climate conditions of Kenya (Fig. 2) are characterized by a tropical
climate on the coast meaning it experiences higher rainfall (between 760-1,270
mm) and temperatures (average 27 °C) throughout the year, a moderate cli-
mate inland, and a desert environment in the northern, northeastern, and east-
ern parts of the country (Lawrence ef al. 2023). The K&ppen-Geiger climate
classification follows Beck et al. (2018). The country undergoes two distinct
periods of precipitation, one is lengthy (long rains occur from March/April to
May/June) and the other is the short rainy season (from October to November/
December). Climate change is altering the natural distribution of rainfall, caus-
ing the short rainy season to become longer (currently exceeding 3 months),
which leads to increased flooding. Additionally, the dry period, which used to
occur every ten years, recently occurs every year, resulting in more frequent
and severe droughts, especially in arid and semi-arid areas (Rono et al. 2023).

I Tropical, rainforest
I Tropical, monsoon
[ Tropical, savannah
N Arid, desert, hot
[0 Arid, steppe, hot

Arid, steppe, cold

Temperate, dry summer, hot summer
[ Temperate, dry summer, warm summer
N Temperate, dry summer, cold summer
[ Temperate, dry winter, hot summer
[ Temperate, dry winter, warm summer
[ Temperate, no dry season, warm summer
I Temperate, no dry season, cold summer
[ Polar tundra

1 — Kakamega

2 — Narok
3 — Nairobi
4 — Makueni

Fig. 2. Koppen-Geiger climate classification map of Kenya (1980-2016) (Beck et al. 2018)
presenting the localization of study areas within county boundaries. Scale 100 km
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Kakamega County, known for its biodiverse rainforest habitat, offers an
ideal setting for investigating the variety and ecological functions of lichens.
These conditions supply an ideal environment for a diverse range of plant
species, also resulting in unique ecological conditions that promote the spread
of a great number of lichen species. Makueni and Narok counties, known for
their long-standing commitment to preserving culture, offer a unique chance
to explore the traditional ecological knowledge related to lichens. It is be-
lieved that these regions have a large amount of accumulated local knowl-
edge including information about the applications, importance, and methods
of preserving lichens (CoG 2022, MCIDP 2018, Nankaya et al. 2020). The study
area of Nairobi County is remarkable due to its conflicting yet equally im-
portant characteristics, including a high population density and a wide range
of literacy levels (Ren et al. 2020). The hypothesis that an increased and var-
ied population could result in a higher quantity of data on lichen knowledge
prompts a thorough investigation of the impact of urbanization on awareness,
attitudes, and conservation actions related to lichens.

Data collection

Data collection was carried out by combining the two research approach-
es mentioned above, using two basic sources: available literature and informa-
tion from the field. Today’s recent scientific disciplinary approach moves away
from a sharp distinction among them and accepts the benefits of combining
them. The use of qualitative methodology and participatory data collection
in anthropology has been achieved. This specific method involves fieldwork,
on-site observation, which can easily be supplemented by spontaneous and
semi-structured interviews, conversations, even questionnaire-based data col-
lection, due to the fact that one of the authors is Kenyan, so the interaction with
the respondents is authentic as much as possible (Babbie 2016).

A semi-structured interview using predetermined set of open-ended
questions (see Appendix 1) allows exploration for particular topics in details
freely, where the respondents have more extended knowledge. This is a “con-
versation with a purpose” according to Burgess (1984).

In line with this approach, a cornerstone of the research is the relativist
approach of cultural anthropology, according to which each culture can only
be understood in its own system and no one culture can be placed above the
other (Boglar 2001, Kottak 2021).

An important research and analytical component is cautious compari-
son, which in ethnographic terms means that only in the light of reliable data
collected with an attentive and accepting attitude allows an opinion to be
formed about a given group or area, but which is based on the assumption
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that all cultures are equivalent and can only be examined and evaluated in
their own right, within their own system. On the other hand, the emphasis
is on exploration and not necessarily on testing hypotheses. An important
research characteristic is that the reliability of the research is not based on
quantitative, statistical grounds, and therefore the number of respondents is
smaller. However, the information gathered is deeper. This is one of the pil-
lars of research reliability, as it has a local focus. In contrast to the large num-
ber of interviews, however, the fact that communication with local people
can reveal background factors, contexts and knowledge elements that would
remain hidden or obscured by external manifestations in other methods con-
tributes to reliability (Babbie 2016, Boglar 2001, Kottak 2021).

Ethnoecology is also a less well-known and applied field, but consider-
ing its basic principle, that traditional ecological knowledge views the land-
scape and man in unity and cooperation, this approach is very effective for
exploring the topic in as many ways as possible. Its approach is based on
the cultural anthropology principle that the local people have the appropri-
ate knowledge about their own environment, its functioning and the changes
affecting it and with it themselves so that local knowledge is absolutely neces-
sary for the success of the appropriate programs, protection and support. In
this case, it means the ecological perspective of traditional knowledge, which
is connected with the elements of life support and healing.

The field data-collecting methodology utilized semi-structured inter-
views that included both closed and open-ended questions. To achieve the
quality of the study the selected questions were discussed in collaboration
with the Traditional Ecological Knowledge Research Group in the HUN-REN
Centre of Ecological Research (Vacratot) for pre-screening and approval be-
fore delivering them to the participants.

The study was done in the dry season between July and September 2023
when most of the regions were accessible and participants were not busy on
their farms. It was geared toward understanding the relationship between
age, literacy levels, traditional knowledge, and urbanization and how this af-
fects basic biological and ecological knowledge on lichens and their applica-
tion, furthermore conservation issues especially lichens in Kenya.

The target people were citizens above 18 years who were grouped into
4 major groups: 15 participants 18-25, 23 participants 26-35, 15 participants
36—45, and 7 participants above 46. The literacy levels were also considered.
The rural people and aged people were hypothesized to be rich in traditional
knowledge while the literate and experts in ecology found in the forest con-
servation centres (Kakamega, Karura, Ngong Forest) were assumed to have
detailed knowledge of the status of lichens. Knowledge levels were interpret-
ed as none, low, medium, high as follows: none, if not existing; low, if the re-
spondent shows limited familiarity with lichens. They might only have heard
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of them but cannot provide any meaningful details or explanations about them;
medium, if the respondent demonstrates a basic to moderate understanding
of the biological nature of lichens. They can describe some key characteris-
tics on morphology or mention general functions or occurrences. Their un-
derstanding may come from personal observation or basic knowledge, rather
than formal education or expertise; high, if the respondent shows a thorough
understanding of several aspects of lichenology, including specific details,
terminology, and possibly conservational and/or ecological insights, e.g., they
are able to explain the role of lichens in the ecosystem, provide examples of
species, describe the conditions they need to thrive, or refer to conservation
efforts or studies. Their knowledge often comes from specialized education,
work experience, or extensive personal study.

A few voucher specimens collected are deposited in Lichen Herbarium
VBI (Vacratot, Hungary) (abbreviation follows Index Herbariorum, Thiers
continuously updated).

High performance thin layer chromatography method

High performance thin layer chromatography (HPTLC) analysis of li-
chen specimens for identification was carried out according to standard meth-
ods for analysing lichen samples described by Arup et al. (1993) and Molnar
and Farkas (2011). CAMAG horizontal chamber of 10 cm x 10 cm, CAMAG
TLC Plate Heater III, 10 cm x 10 cm HPTLC plates (Merck, Kieselgel 60 F254)
were used. The solvent systems A (toluene — dioxene — acetic acid, 45:15:2v/
v /v), B (cyclo-hexane — methyl-tert-butyl ether — formic acid, 6.5:5:1v /v /v)
and most often solvent system C (toluene — acetic acid, 20:3 v/v) were applied.
Plates were investigated under UV 254 nm and UV 366 nm after development,
then fatty acids and water-repellent substances were studied, while sprayed
with water, finally it was followed by spraying with 10% sulphuric acid and
spots were observed at daylight.

Morphological investigations

The morphology and anatomy of some lichen specimens for identifica-
tion were studied by using a NIKON Eclipse/NiU (DIC, epifluorescence) com-
pound microscope (Nikon Corporation, Tokyo, Japan), as well as a Nikon
SMZ18 stereo microscope (Nikon Corporation, Tokyo, Japan). Micrographs
were prepared using Nikon DS-Fi3 camera (with NIS-Elements BR software,
Nikon Corporation, Tokyo, Japan) with the above-mentioned microscope.
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Data analysis

The first approach to analysing the data was interpreting written and re-
corded materials originated from respondents and shared through the semi-
structured interviews (Appendix 1). Subsequently, all data was presented in
written form and later recorded in an Excel sheet for further analysis (Table 1).
The deeper understanding of responses on lichen biology and conservation
aspects in Kenya from the data received was improved by carefully examin-
ing and organizing the material, looking for patterns, variations, or contradic-
tions, and assessing the importance of the information. Ultimately, the data
were visualized using Microsoft Excel charts and tables.

RESULTS AND DISCUSSION

Semi-structured interviews were conducted in 4 study areas in Kenya
(Fig. 1, Appendix 1 and Table 1) and citizens of these areas (both urban and
rural) from different age groups were interviewed on their understanding of
the biological nature and morphology of lichens, their habitats, their use and
possible applications. Subsequently, conservation ways of nature and lichens
were also discussed and if people thought lichens to be threatened, possible
ways of conservation were also asked.

Concerning the general knowledge on lichens, only two respondents
(Resp. 37 and 57, Appendix 1) mentioned the “symbiotic relation” of the part-
ners in lichens. Some regarded them fungi (Resp. 20, Appendix 1), algae or
mosses (Resp. 36, Appendix 1). Most often foliose forms were recognised as
lichens, sometimes foliose and fruticose were both mentioned (Resp. 10 and
27, Appendix 1), and those living on leaves (foliicolous lichens — Resp. 28,
Appendix 1) was only known by a forest warden, in age group 36—45. Their
direct attachment to substrate without roots was mentioned in one case (Resp.
56, Appendix 1). In Narok the local name of lichens was known as “narara”
with the meaning “part or extension of the bark” (Resp. 33 and 39, Appendix
1). Lichens belonging to cryptogamic organisms and being autotrophs were
only known by an urban citizen with BA degree (Resp. 58, Appendix 1). Their
ecological requirements, namely for microclimate and their extreme tolerance
were noted by a rural person with a certificate and an urban biology teacher
(Resp. 48 and 54, respectively, Appendix 1).

According to demographic results, few respondents (including the high-
est number of people between 18-25 years) from the urban locations had no
basic knowledge of lichens and their conservation (Fig. 3, Table 1). This could
be related to the lack of background knowledge in biology, the lack of expo-
sure to natural ecosystems, or the lack of interest. At the same time, more re-
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Table 1 (continued)

Conservation strategies

Threats to lichens

Education KLL ROL

LOC

Age

Rp

Nairobi

not sure (A)

not sure (A)

not sure

bachelors very low

18-25 urban
18-25 urban
18-25 urban

Abbreviations: “Threats to lichens”: A

F

M

58
59

not sure (A)

not sure (A)

not sure

very low

certificates
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not sure (A)

industrialization, pollution (C)

not sure

none

certificate

F

60

unprioritized conservation efforts;

human factors; C = industrialization; D =

unaware of lichen threats; B
invasive species; for column “Conservation strategies”: A

law-related; R = research-based

education-based; H = habitat-related; L =

unaware; E

environmental factors; F

E=

Table 2
Knowledge of lichens across different age groups in Ken-
ya in the numbers of respondents (n = 60)

Knowledge Age

of lichens 18-25 26-35 36-45 46 and above
None 5 0 0 0

Low 7 7 4 3
Medium 3 8 6 3

High 0 8 5 1

spondents from rural areas had more knowledge
on lichens and conservation (in total of knowl-
edge groups low, medium and high) compared
to urban respondents. The results also depicted
a proficiency in lichenology for most of the rural
people which might be a result of access to nat-
ural ecosystems and the transfer of knowledge
from forefathers on the use and conservation
measures of surrounding environments. Most
of the people in such areas treasure such knowl-
edge and pass it to their following generations as
wealth, especially the medicinal use of substanc-
es originating from various organisms including
lichens (Devkota et al. 2017, Supyan et al. 2021).
Traditional knowledge transmission to
newer generations is a key to the preservation
of cultures. Additionally, studies show that this
wisdom is the basis of conservation, since there
is a strong correlation between the knowledge
of a particular plant species and conservation
awareness (Ibrahim et al. 2022, Susanto and Nu-
mata 2023). The transition is determined by the
receptive nature of the new generation. As it has
been established recently (Supyan et al. 2021),
and confirmed also by the current results (Table
2), there is a gap between old and young regard-
ing knowledge. According to the demographic
relations of the analysis, the results show that the
young seem to have a limited knowledge on eco-
systems compared to their older generation that

Acta Bot. Hung. 68, 2026
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have proficiency in the same. This might be brought about by the digital era,
modernization, and changing literacy trends. Concentrating on recent, novel
matters can result in the decline of traditional knowledge. Most of the knowl-
edge is concentrated in the age groups 26-35 and 36—45 with the highest level
in 26-35 years. The age group 46 and above recorded the lowest numbers as
most of them were not willing to share their knowledge due to busy schedules
and only one had proficient knowledge of lichens and conservation. Fortu-
nately, their knowledge ranged from low to high with most of them having
low to medium knowledge and no cases for lack of knowledge. This calls for
integrating traditional and modern education in conserving both culture and
the environment (Huntington 2018).

Knowledge, traditional or modern, has a direct impact on the pro-envi-
ronmental activities / behaviour and attitudes of a community (Susanto and
Numata 2023). According to the research done (Fig. 4), a few uneducated peo-
ple know about the biological/symbiotic nature of lichens (cf. Hawksworth
and Grube 2020) and about conservation matters which might be related to
traditional knowledge passed by their forefathers and their direct contact
with the environment. However, several people with certificates (two) and
bachelors (one) reported no knowledge on lichens. At the same time, there
was no record of a lack of knowledge of lichens or conservation among un-
educated people or postgraduates. In the case of the uneducated group, it
was hypothesized that most of them live near the natural ecosystems and
thus learn through apprenticeship from their parents, while the postgraduate
knowledge would originate from their close to nature professional activity.

mrural Eurban
16

14

-

N

O N M O 00 O N

Responses

none low medium high
Knowledge levels

Fig. 3. Responses about the knowledge of lichens from rural and urban sites within the
study areas
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 Tables According to Albuquerque et al. (2021)

The role of lichens known in Kenyan  traditional knowledge and modern

communities in the numbers of men- o 4, cation have to find a point of con-
tions by respondents . .

vergence on the topic of conservation

Role of lichens Respondents to maximize knowledge on the subject
Not aware 28 matter including lichens and increase
Lighting fire 11 awareness of pro-environmental activi-
Ecosystem diversity 10 ties.
Plant parasites 3 Lichens, especially in Kenyan eco-
Dyes 3 systems and human life have diverse
uses as shown in Table 3. Their use
Protect tree barks 2 was region and environment-specific,
Insect habitats 2 for example, near conservation facili-
Bioindicators 2 ties (forests of Kakamega, Karura and
Research 1 Ngong), people could recognize the role
Medicinal use 1 of lichens in biodiversity, and as habitats
Food for animals 1 for insects (Resp. 8 and 10, Appendix 1),

while in most of the rural areas, lichens
are either passively collected with fire-
wood or used independently to light and maintain the fire (Resp. 10, 24, 30, 34,
59, 51, Appendix 1, Fig. 5). Among the Maa groups in Narok County, lichens
are used as dyes (e.g. hair dye — Resp. 34, Appendix 1) in some of the life pas-

ENone Blow B Medium E High

12

10

Responses

Uneducated Certificate Bachelors Postgraduate

Education

Fig. 4. Knowledge of lichens across different literacy levels in Kenya
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Fig. 5. Lichens used to light fire: A = intact thalli of various lichen species, mostly Parmo-
trema species and Ramalina africana in the centre; B = an early moment with flames of the
fire lit by dry thalli; C = burnt remnants of lichen thalli and smoke

Fig. 6. A few examples of lichens used to light fire in Makueni study area: A = Parmotrema
eunetum, B = Punctelia stictica, C = Pyxine convexior, D = Ramalina africana. Scales 1 cm

Acta Bot. Hung. 68, 2026
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sage rituals. A substantial number of people did not know about lichen uses,
especially the age group of 18-25 (see Table 1). Lichens were also regarded as
having parasitic nature, especially those living on tree bark (corticolous ones)
on specific valuable timber where according to the respondents, lichens (e.g.,
Parmotrema austrosinense, P. eunetum, P. hababianum, P. reticulatum, Punctelia
stictica, Pyxine convexior, and Ramalina africana as identified by HPTLC) (Fig.
6) were scraped off and burnt.

Medicinal use of beard lichens (e.g., Usnea bornmuelleri, Fig. 7) was men-
tioned from Makueni county (Resp. 16, Appendix 1) where the tradition still
exists even in the past 2-3 decades. The thalli, collected from rock boulders, is
ground into powder and mixed with tea or soup and the bitter liquid is taken
against headaches. This effect of usnic acid, also present in the applied lichen,
has been reported from U. diffracta (that contains also diffractaic acid) (Nash
2008, Okuyama et al. 1995) for analgesic effects).

The responses on the uses of lichens were recorded to investigate lichen
uses in all age groups, while almost half of the respondents were not aware
of any roles. The results agree with opinions expressed by Pereira et al. (2020)
and Supyan et al. (2021) who indicated a gap in awareness of nature by the
young generations, however that (gap) can be filled by traditional knowledge
(Supyan et al. 2021). The responses for the role of lichens in the four study

B
2304
/‘ | U
Zl -
N - -
AP
B 3
8 c
A - atranorin
Z - zeorin
N - norstictic acid
U - usnic acid
f - fatty acid

p - protocetraric acid

Fig. 7. Usnea bornmuelleri, a lichen applied in tea against headache in Makueni study area:

A = the habit of some thalli; B = a detail of a high performance thin layer chromatographic

plate, used to identify lichen secondary metabolites from the thalli responsible for the al-
leviating effect. Scale 1 cm
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Table 4
The types of threats to lichens determined in different study areas by interviews of 60
respondents (see also column “Threats to lichens” in Table 1)

Threats to lichens

A B C D E F
Kakamega 2 9 1 3 8 1
Narok 5 2 0 2 1 0
Nairobi 5 9 5 0 4 0
Makueni 4 10 2 0 9 0
Total 16 30 8 5 22 1 82
Percentage 20% 37% 10% 6% 27% 1%

The number of mentions is given irrelevant to the number of respondents (n = 82). A =
unaware of lichen threats; B = human factors; C = industrialization; D = unprioritized
conservation efforts; E = environmental factors; F = invasive species

areas revealed the great importance of the lichens, “the unsung giants” in
nature that cut across from human use to natural biological indicators of pol-
lution (Resp. 1 and 27, Appendix 1) (Bergamini et al. 2005, Nash 2008, Sutar
et al. 2021). Therefore, conservation of lichens is justified by their multiple
applications.

Conservation threats of lichens and their environment in the four study
areas (Table 4, Appendix 1, Table 1) were location-specific, driven by the ge-
ographical, climatic, consequently vegetational variation in Kenya and the
varied communities in the areas. A threat to lichens might either affect their
habitat or substrate, or their species (Hogue and Breon 2022). The results (Ta-
ble 4) show that the highest threats originate from human factors which were
related to increase in population, agricultural activities, land grabbing and
settling increase of Kenyan population (Njuguna et al. 2016). Agricultural ac-
tivities led the human factor category, since agriculture is the backbone of
the Kenyan economy, agricultural activities cut across all the four counties.
Climate change is coupled with events like floods, drought and unreliable
weather patterns mentioned as the second highest threat to the four study ar-
eas (Lawrence et al. 2023). Although the climate change (Ellis 2019) is hard to
be controlled, protective measures can be introduced to reduce the future loss
of lichens. Narok County led the challenge related to the lack of knowledge on
threats of lichens. It can be explained by the following facts. Though the Maa
communities have a good knowledge and awareness on their environment,
the vast lands where they have their pastoral activities do not allow develop-
ing considerable knowledge on these cryptogamic organisms, rather on a few
vascular ones, those they can use as herbs and dyes. Even more importantly,
their focus might be on their cattle (which is the sole source of livelihood).

Acta Bot. Hung. 68, 2026
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Nairobi County’s major threats came from human factors and industrializa-
tion. The increase in rural-urban migrations has increased the population
in Nairobi County, thus more land is converted to built-up areas within the
settlement at the expense of the habitats and conservation of species includ-
ing the encroachment of Karura Forest. From the research done, it was clear
that the rise in industries, as the increasing influence of human factors, and
climate change (Resp. 1, Appendix 1) have a significant negative impact on
lichen survival (Fryday et al. 2022, Naeku 2020). Additionally, not knowing
the threats of a species (e.g., lichen species) is a threat itself, since it can slow
down conservation efforts by a community where conservation matters could
be addressed when the species is almost extinct.

Conservation is a way of protecting the treasures of a country including
its living organisms. Responses collected represented effecting agents, and the
frequency of responses was expressed in the number of mentions regardless of
the number of respondents (Fig. 8 and Table 1). According to the results (Fig.
8) setting laws that govern and penalties in case of breakage of any law, edu-
cation on lichens, and conservation (Naeku 2020) were proposed as leading
factors to conservation gain. Two major bodies, Kenya Wildlife Services (KWS)
and Kenya Forest Services (KFS), furthermore Forest Act 2016 having a role in
conservation were mentioned by respondents (Resp. 6 and 28, Appendix 1).
Habitat protection (Resp. 29, Appendix 1) where species thrive attracts atten-
tion from the government and the community surrounding any conservation
facility (game reserves, national parks, protected forests and sanctuaries) in
Kenya termed as friends of the specific facilities. The fact that a few people did
not know about conservation, calls for attention to either the government of

Education on lichens and
conservation (22%)

Unaware (25%)

Habitat protection (10%)

Research and categorization of lichens into
IUCN categories (10%)

Law enforcement (33%)

Fig. 8. Knowledge on conservation-related matters of lichens (see also column “Conserva-
tion strategies” in Table 1)
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Kenya or ecologists to create a schedule for sensitizing its citizens and maybe
include them in basic academic programs in schools (Cockerill and Hagerman
2020). Kenya is a frequent target of tourism, and although much has been cen-
tralized on wildlife (mostly large mammals) conservation, especially in savan-
nas and forests, in their habitats formed by higher plants further small living
organisms and geological formations are highly protected for their survival.

CONCLUSIONS

The study shows a diverse pattern of knowledge by the various age
groups, and literacy levels from urban and rural study areas and confirms
evidence of unused local knowledge, traditions and applications among the
Kenyan communities which are rapidly being eroded by modernization and
the development of academic knowledge. In order to prove the viability of a
concept acquired in traditional knowledge, laboratory analysis should be in-
volved as a recent possibility originating from modern education. Traditional
knowledge must be documented, and its transmission to younger generations
through oral tradition or in many other ways cannot be postponed. In addition
to making the research and data collection process more effective, introduc-
ing a multi-disciplinary approach, the involvement of cultural anthropology
(action anthropology) and its mediating role can also be of great help in this.

However, to conserve lichen biodiversity in Kenyan hotspots, traditional
and academic knowledge should be integrated. In addition, updating prac-
tical knowledge incorporated into the framework of formal education and
coordinated with one’s own environment can also be a forward-looking solu-
tion, the role of lichens should be better explained in regular education, and
the awareness of the elderly needs to be increased and motivated.

Furthermore, informing communities about alternative sources and en-
ergy can also be an effective solution, they should be sensitized on alterna-
tive sources of energy as most are over-collecting and destroying several tree
species in the form of firewood, in extended rural areas, where forest trees
represent substrate (bark and wood) for epiphytic lichens.
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APPENDIX 1
Details (demographics, questions, responses) of semi-structured
interviews in different regions of Kenya

DEMOGRAPHICS
1. Location (rural/urban)
2. Gender
3. Age (18-25, 26-35, 36-45, 46-)
4. Level of education
QUESTIONS
Section A: General knowledge on lichens
1. What do you know about lichens and how they look?
2. How would you describe the lichens growing where you live?
3. From what you know, what kinds of conservation places are there in Kenya?
4. Where do you think lichens grow best? Are these places protected in any way?
5. What do you think lichens do for the environment?
Section B: Threats to lichens
1. What changes, if any, have you observed in the population or diversity of lichens
over time in your region?
2. What activities do you believe could pose threats to lichen species in your area?
Section C: Strategies for conservation
1. What laws or regulations, if any, are you aware of that protect lichens in Kenya?
2. In your experience or knowledge, how is the protection of lichens currently being
implemented in the country?
3. What strategies do you think could be effective in improving lichen conservation
efforts?
4. What kinds of lichens do you think should be protected by law in Kenya?

RESPONSES

Makueni County and immediate environments (15-27 July 2023)

Resp. 1. Rural, female, 26-35, postgraduate. — Has high knowledge about lichens.
Conservation of species in Kenya is done in protected regions, but lichens are indirectly
protected by protecting their substrates (tree barks, soils, and rocks), though lichens grow
in protected and non-protected areas. Lichens are useful for ecosystem monitoring in
terms of pollution. Climate change has been a great threat to the ecosystem though forest
encroachments and agricultural activities have catalysed a decline of diversity in the rural
setups. Thus, using strict rules can protect species, especially in Kenya.

Resp. 2. Urban, female, 18-25, bachelor. — Has medium knowledge and can identify
some. Species are conserved in Kenya, but more energy is given to animals (big five) and
higher plants. Bryophytes just thrive passively in parks, sacred grooves, in both protected
and non-protected areas. Climate change and forest encroachments have enabled the de-
cline of species thus government of Kenya ought to pass strict laws of conservation, espe-
cially lichens.

Resp. 3. Urban, male, 26-35, bachelor. — Has very limited knowledge of lichens
though can show foliose on soils. A few lichens can be spotted in urban areas. Much con-
servation of species is done on protected areas though unaware if lichens are included in
the conservation. Their roles in the ecosystem might be to balance food chains/web thus
more work is yet to be done to make people aware of their importance.
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Resp. 4. Rural, male, 26-35, postgraduate (ecologist). — High knowledge about lichens
and cryptogams. There is a high diversity of lichens in rural setups. Conservation of species
is highly a priority in the protected areas in Kenya especially for higher plants and animals
though lichens grow in all environments regardless of protection. Lichens are collected ac-
cidentally with firewood as sources of energy which might be a threat to conservation. In
protected areas forest encroachment and climate change have been a threat to existence over
time while in rural areas agricultural activities, an increase in population, and climate have
affected lichens’ existence over time. Currently no idea if there is a protection law about
lichens other than Forest ACT 2016 which is too general on all forest species. Documenting
Kenyan lichens might be the solution, especially in identifying and knowing their diversity.

Resp. 5. Urban, male, 18-25, bachelor. — Not aware of the existence of lichens and
their protection in the Kenyan context although conservation of species in Kenya is done
in forests and protected areas.

Resp. 6. Urban, male, 26-35, bachelor. — Moderate knowledge of lichens from school.
Lichens are scattered in different areas having diverse habitats. Species conservation for
both animals and plants is done in protected zones and national parks and reserves in
Kenya by 2 major bodies KWS (Kenya Wildlife Services) and KFS (Kenya Forest Services))
although not sure if there are lichen considerations. Not sure about their roles in the eco-
system but they have shown a gradual reduction in the area due to industrialization (clear-
ing their habitats).

Resp. 7. Urban, male, 26-35, bachelor. — Low knowledge about lichens but can point
to a few samples. Not sure of their conservation status in Kenya although the country con-
serves species in national parks and reserves, forests, and sacred areas (passive conserva-
tion). There is a gradual decrease of land species over due to climate change, an increase of
settlement and population increase, and agricultural practices. Sensitization of citizens on
what lichens are, and their role in the ecosystem maybe through documentaries and social
media can improve their conservation.

Resp. 8. Rural, male, 26-35, bachelor. — Greatly aware of the existence of lichens in the
region and growing in diverse habitats. They can also be found in protected areas though
not sure of their priorities on protection criteria. In Kenya species of animals and plants
are protected in national parks and reserves, and protected forests. There is a great role
of lichens in the ecosystem to humans, animals, and plants. Some are mixed for concoc-
tion making of herbs and nests for insects. Their existence has declined due to changes in
weather, it had been too dry recently, agricultural activities, and forest encroachments due
to an increase in population. Forest management by the government can be tighter to stop
species decline and maybe sensitize citizens to reasons for the conservation of species. Not
sure of any species documented in Kenyan laws for conservation.

Resp. 9. Rural, male, 46 and above, none. — Aware of them but the name was new,
locally referred to as tree parasites, and usually scrapped to prevent tree death. Not sure
of their importance in the ecosystem but their existence has declined over time due to tree
loggings, agricultural practices, and an increase in population that clears land for settle-
ment. No knowledge of their conservation in Kenyan national parks and reserves and pro-
tected forests. Sensitization of lichen importance can change people’s perception on their
roles and maybe the conservation might be improved.

Resp. 10. Rural, male, 26-35, certificate. — They exist in the region. The foliose are
shelters for insects and can be used to start and maintain fire in the area. Not sure of their
protection regulations in Kenya though passively protected in sacred grooves. There has
been a gradual decline of lichen species due to weather changes, agricultural practices, and
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increased settlements in the region. The conservationists should sensitize people on lichens
and their role in improving their protection.

Resp. 11. Rural, female, 18-25, bachelor. — Lichens are frequently spotted in the re-
gion, especially on rocks and barks of trees. Conservation is biased toward higher plants
and wild animals because of tourism attractions and is mostly done in parks reserves and
protected forests. Lichens are passively conserved in these areas because of the presence
of substrates (barks of trees, leaves, and rocks). There has been a gradual decline of spe-
cies including lichens due to forest encroachments, weather changes, and clearing land for
settlement. I am not sure of any database of lichen conservation in Kenya or species un-
der conservation. The government can regulate the settlement of people and restrict forest
management to conserve species.

Resp. 12. Urban, male, 26-35, postgraduate. — Slightly aware of lichens which are
rarely spotted in the area. Conservation of species in Kenya is done on protected forests,
national parks, and reserves and passively conserved on sacred grooves. Lichens in these
areas are conserved though not documented on the species present in the conservation
areas. The only threat to lichen conservation in the forest is illegal firewood collection and
tree logging. Forest encroachment for agricultural activities and settlement has reduced
species conserved. Government and specialists should sensitize citizens on the conserva-
tion of species and their importance.

Resp. 13. Rural, male, 26-35, bachelor. — Lichens are highly referred to as fungi and
termed as saprophytes thus scrapped off from items, they attached citing they cause de-
composition, especially timber. They have no use in the area though traditionally used
as sources of energy. There is a high conservation of species in forests though not sure if
lichens have a priority. It is upon being told their use and importance in nature that people
can change their perception. Conservation lessons on nature can be introduced in school to
create awareness from tender ages.

Resp. 14. Rural, male, 26-35, bachelor. — Moderate knowledge from high school; li-
chens are frequently spotted in the area and are often found on tree twigs and accidentally
collected with firewood as sources of energy. Mostly in Kenya, the conservation of species
is done in protected areas and passively in sacred groves though not sure if lichens are
given priority in conservation. They are important to the ecosystem as they act as shelters
for some insects and their collection with firewood though recent is a gradual reduction of
their evenness due to excessive tree logging and agricultural practices. There is a call for
stakeholders to enlighten the citizens on the conservation of species to stop depletion of
Moreso lichens where most do not know their roles.

Resp. 15. Urban, female, 26-35, certificate. — Aware of the existence but known as
fungi. Rarely spotted in the area, mostly on undisturbed environments and stones. Highly
seen in protected areas like forests and sacred groves. Not aware of their role in the envi-
ronment. There is a need for more knowledge on lichens and their role in the environment
to be spread to the citizens.

Resp. 16. Rural, female, 46 and above, none. — Slightly aware and use them with
firewood to start and maintain a fire. The thin filamentous ones (locally called roots of
stones) are used for medicinal purposes. Usually ground to fine powder and mixed with
warm solvent and taken to cure headaches. There are several lichens found in the forest
both protected and unprotected, and parks (on sand, rocks, and barks of trees). Due to
environmental changes, some species have been wiped away inclusive of the filamentous
ones. Therefore, more conservation of the remaining needs to be increased.

Acta Bot. Hung. 68, 2026

Brought to you by MTA Konyvtar és Informédcids Kozpont olvasok | Unauthenticated | Downloaded 07/22/26 11:59 AM UTC



AWARENESS OF LICHENS AMONG CITIZENS IN KENYA 81

Kakamega County and immediate environment (29th July — 10th August 2023)

Resp. 17. Urban, female, 26-35, postgraduate. — Slightly aware of lichens’ existence
though mostly spotted in conserved environments in the barks of trees. Not sure of their
role in the environments. There is a decline of species in the ecosystem though not keen on
lichens, which could be caused by climate change, clearing lands for agricultural purposes,
forest encroachments, and tree illegal logging for timber. Strict measures to protect forests
could be tightened to prevent illegal practices.

Resp. 18. Rural, male, 26-35, bachelor. — Lichens are called tree parasites (fungi)
mostly scrapped off so as not to cause tree decay. The leafy ones are used to start and
maintain fire and are collected with firewood as a source of energy. They are also found
in protected areas and sacred groves in high quantities though their protection is achieved
through their substrate conservation (trees). There is a gradual change in their abundance
over time due to climate change, forest encouragements, and an increase in agricultural
practices. Issuing permits for tree logging and restricting people from protected areas can
reduce the misuse of species.

Resp. 19. Urban, female, 36-45, postgraduate. — Slightly aware of lichen but rarely
seen in the area. In Kenya, national parks and reserves, protected and sacred grooves act
as conservation areas for species although higher plants and animals have high impor-
tance due to their economic value; the diversity of species in these areas is rich inclusive
of lichens. Lichens might have importance in the ecosystem though not aware of specif-
ics maybe the conservationists should sensitize their importance for people to be aware.
Currently, not aware of any lichens that are conserved or protected due to threats, though
generally there has been a gradual decrease in biota due to climatic conditions.

Resp. 20. Rural, male, 26-35, postgraduate. — Generally confused with fungi and
highly spotted in the area and protected areas in the country. Though not sure of their
priority in conservation, they are densely growing in forests, especially the aged trees. Not
sure of any protected species in Kenya though the government doesn’t allow the collec-
tion of species from conserved areas without permits. Adverse climate conditions, forest
encroachments, and settlement are diminishing the conservation efforts.

Resp. 21. Urban, female, 36-45, none. — Limited knowledge of lichens and a few grow
in the areas. Their role in the ecosystem is not well defined and often ignored in the region
thereby not considered to have any importance for conservation purposes. There has been
a decline of all species due to climate change, increased agricultural activities, and settle-
ment areas for the increased population.

Resp. 22. Urban, male, 18-25, certificate. — Not aware of lichens and their roles. Aware
that conservation is done in Kenyan forest, game parks, and reserves.

Resp. 23. Rural, female, 36—45, bachelor. — lichens but might be connected to fungi
and generally termed as decomposing agents. They are found on tree bark where they get
shelter and maybe nutrients. They have no specific roles though termed as protectants of
barks from physical damage. Not sure of a priority in their conservation in the protected
areas in Kenya though higher plant and animal species have been documented in those
areas. Conservation of species has been faced with unrealistic climate changes, encroach-
ments, and tree logging in both protected and unprotected zones. Sensitization needs to be
done on the use and management of forests and strict management of conserved areas can
be accompanied with penalties upon once guilty.

Resp. 24. Rural, female, 36-45, postgraduate. — Highly conversant with lichens and
cryptogams which make part of the ecosystem in the area and protected areas though pas-
sively conserved due to their substrates. The leafy lichens are highly collected as sources
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of energy in remote areas, reducing threat to their diversity in the region. Although the
lichens thrive in diverse areas and harsh environments increased pollution, especially near
towns, climatic conditions and agricultural activities have reduced their quantities which
calls for conservation experts to educate people on their role and the need to conserve them
and other species in nature for future use.

Resp. 25. Urban, male, 26-35, certificate. — Less familiar to lichens and less spotted in
the region though often grow in conserved areas and protected forests. There has been a
decline of forests and conservation areas because of encroachments, settlements, and inva-
sive species that suppress indigenous ecosystems. Much needs to be done on the manage-
ment of forests, the introduction of exotic species, and regulating settlement areas.

Resp. 26. Urban, female, 18-26, bachelor. — Limited knowledge of lichens though
highly spotted in the area and conservation areas (unprotected and protected areas). Also,
lichens are found in undisturbed areas in sacred grooves. Conservation is highly concen-
trated in protected areas though much is done to higher plants and animals compared to
lower plants and fungi. Thus, documentation on the species number of lower plants might
not be available. This calls for scientists to sensitize the connected government docket to
update all species in the conserved areas.

Resp. 27. Urban, male, 36-45, postgraduate (ecology lecturer). — Excellent knowledge
of lichens especially the foliose lichens. Conservation of species is both ex-situ and in-
situ (seedbanks, gene banks, in forests and museums). Lichens can be found in the forests
they are passively conserved because of their habitats and those found in museums are
for research purposes. Lichens are highly sensitive organisms that detect the health of an
ecosystem thus used as bioindicators. In Kenya, there is no data on documented species of
the country on protected species categories of lichens. There has been a gradual depletion
of species because of climate change, the introduction of invasive species in the forests,
industrialization, the increase of agricultural activities, and clearing forests for settlements.
The government, ecologists, and conservationists have a role in sensitizing on species im-
portance, strict rules on collection and destruction of forests, and having proper settling
zones away from forests.

Resp. 28. Rural, male, 3645, bachelor (forest warden). — Conservation officer at
Kakamega Forest (covers two counties) which is managed by both KWS and KFS. Has
both animal and plant conservation. Lichens are densely populated in the forests inclusive
of the foliicolous lichens. The management highly conserves species according to the For-
est Act 2016 where all species are crucial, and no collection is done without a permit. The
nearest community (friends of Kakamega Forest) usually has the mandate of reporting
cases of tree logging and promoting the protection knowledge to other communities. There
is minimal data on the number of species of lichen species in the forest thus no documents
of any protected species in the forest.

Resp. 29. Rural, female, 36-45, bachelor (forest officer). — Kakamega covers Kaka-
mega and Nandi counties having almost 80% indigenous trees some over 50 years includ-
ing Elgon oak. It's protected by the Kenya Wildlife Service (KWS) in collaboration with
the Kenya Forest Service (KFES). These old trees are used as habitats for species — birds,
lichens, mosses, and other microorganisms. No tree logging is allowed. The forest has seen
a gradual decline of species due to climate change, forest encroachments, illegal tree log-
ging, and the introduction of some exotic trees which have allelopathic effects on the soil.
Lichens have been conserved in the area, but the systematics of their diversity is not well
known. Currently, no species have been classified under any threat in Kenya though much
needs to be done on systematics and analysis of their diversity and conservation priorities.
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Resp. 30. Urban, male, 36-45, postgraduate. - Minimal knowledge of lichens though
they are often growing on soil. Traditionally they were used to light fire in the local areas
which have been replaced with gas and electricity. Their conservation in the region is only
on protected and sacred groves. The increase in industries and pollution have reduced the
number of species growing in the area.

Resp. 31. Rural, female, 46 and above, none. — Not sure of their name though were
used to quickly light fire in the old days and accidentally collected with firewood as sourc-
es of energy (thread-like ones). There is no need for their protection as they grow in high
amounts everywhere in the area maybe the government-protected areas.

Resp. 32. Rural, male, 36-45, postgraduate. — Medium knowledge of lichens. They
grow on bark, stones, and on soils and mostly in wet environments. Lichens also grow in
quantities in forests, protected lands, and sacred grooves. Although their species might not
be documented fully, their diversity in nature can be seen. Not sure if Kenya has a list of
species of lichens in the country and if any are in declining situation.

Narok County (10-22 August 2023)

Resp. 33. Rural, male, 26-35, certificate. — I am not aware of the name but aware of
lichens, locally called ‘narara” which are assumed to be part of the bark. The leafy ones are
used to start fires in remote areas and are accidentally collected with firewood as sources
of energy. They are declining because of high and dry temperatures in the region.

Resp. 34. Rural, female, 26-35, none. — Not aware of the name but they had a tradi-
tional role as dyes. They were mixed with other herbs and used as hair dye during cultural
events. They are often found on trees and shrubs. High amounts are found in protected
areas- forests, national parks, and reserves.

Resp. 35. Rural, male, 36-45, bachelor. — Medium knowledge of lichens. They are
spotted in the area in leafy forms and used in the villages as sources of energy. They are
conserved with other species in protected areas and passively in sacred groves. Not aware
of their priority in conservation but their habitats are highly conserved (trees) thus sustain-
ing their growth.

Resp. 36. Rural, female, 18-25, bachelor. — Usually confused with algae or mosses as
most are green and classified as lower plants. Mostly they do not have a specified role in
the ecosystem. Their conservation in the protected areas is passively by conserving their
substrate. Most protected areas have documented tree species, not lower plants. Conserva-
tionists and related stakeholders need to update all species and sensitize the people on the
roles of distinct species in the ecosystem.

Resp. 37. Rural, male, 18-25, bachelor. — Basic knowledge of lichens from biological
classes. They are a symbiotic relationship between algae and fungi. Their symbiotic nature
is of significant importance in nature as they produce their food. Their conservation is not
well known but lichens are hardy and grow in diverse environments which makes them
survive. I'm not sure of species lists, but they are well-known for their forms. There need to
do more on conservation and biological systematics to update the lists of species.

Resp. 38. Rural, male, 3645, basic education. — The name is not known but the lichens
are well known in the region especially their use as dye in traditional setups. They grow freely
on surfaces and undisturbed soils. Their protection depends on their use in the area, especially
the leafy ones are highly used as sources of energy. Though their collection has contributed
to their decline and increased population the area which turns bare lands into settlements.

Resp. 39. Rural, male, 46 and above, none. — Locally termed as extensions of the bark.
Mixed with concoctions and used as herbs for diverse ailments including fever and head-
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aches. Not sure of their protection though they have reduced with time because of tree
logging and charcoal burning, clearing lands for settlements.

Resp. 40. Rural, female, 46 and above, none. — The name is not known though the
organisms grow randomly in the environment and on the barks of trees which are used
to start and maintain fire. They were also used in the olden days as sources of dyes. Not
sure of the need for their protection because they are in high amounts in the environment.

Resp. 41. Urban, male, 18-25, bachelor. — Not sure of the name but the lichens are
spotted in the areas, especially on walls of old buildings but confused with mosses and
algae because of the green nature during the rainy season.

Resp. 42. Urban, male, 36—45, certificate. — They are found in damp areas and green but
not sure if they are plants or dead organisms. Mostly scrapped from planted trees as they
are thought to cause diseases and cause plant decay. Mostly burnt after collection to prevent
regrowth. No knowledge of their conservation though they are also found in protected areas.
People should be sensitized about their use and role in nature to prevent further misuse.

Nairobi country at its environment (25th August 2023 — 12th September 2023)

Ngong Forest

Resp. 43. Urban, female, 36-45, bachelor (forest officer). — Ngong Hills/Forest is a
conservation centre that accommodates plants and a few wild animals. Highly managed
by KFS and friends of the forest. It allows the friends of the forest to access part of the forest
through grazing as they are pastoralists. The forest is situated in an arid and semi-arid re-
gion with both exotic and indigenous varieties of trees. Some significant volcanic soils and
stones harbour significant amounts of lichen. Conservation has highly been challenged by
industrialization, pollution, and nearby communities (Maa people) who are pastoralists
and graze in the forest, which causes disturbance in their growth.

Resp. 44. Rural, male, 26-35, bachelor (forest warden). — Lichens are passively con-
served in the forest due to the presence of their substrates, especially shrubs and rocky
environments. The forest has seen a decline of species over time and also lost land to a
nearby increasing community. The decline has been due to harsh weather conditions and
to its nature of tourist attractions thus construction ongoing. Forest encroachment for graz-
ing lands has left part of it shrubby and losing some species of lichens where their habitats
have been disturbed. Conservation sensitization to the pastoralists should be done to re-
duce forest disturbances and destocking of their cattle.

Resp. 45. Rural, male, 26-35, bachelor. — Conservation is highly key where all species
are protected including a few wild animal species. Lichens often grow in the forests on
the calcareous rocks, soils, and barks of the trees. A few can be spotted on rocks. The main
challenge of conservation is the unpredictable weather conditions, pastoralist communities
that graze near the forest, forest encroachments, and pollution due to its location near the
capital centre. Recommendations are for the government to enlighten the community on
the conservation of the forest, strict management of the forest, and setting grazing zones
and demarcations of the forest.

Resp. 46. Rural, male, 18-25, certificate. — The forest contains diverse species which
are protected by KFS. The knowledge of lichens is minimal though they are often spotted in
the forest, especially the leafy/ branched ones. Their role in the ecosystem is not known and
their protection might be of less important to the forest. The increase in population, pollu-
tion, and forest encroachments has led to the decline of species and grabbing of forest land.
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Resp. 47. Rural, male, 18-25, certificate. — Lichens are not well known but they often
grow in the area and in the Ngong Forest. Details on their conservation are not well known.
Due to pastoralists found in this area and the arid and semi-arid climatic conditions, most
land is bare, and a few shrubs can be found. Campaigns led by the government, the com-
munity, and conservationists for tree planting reclaim the land. Not sure if there are pro-
tected lichens.

Resp. 48. Rural, male, 18-25, certificate. — As a pastoralist, and a friend of the Ngong
Forest; conservation of the forest is paramount due to its microclimate. Lichens are ac-
cidentally conserved because of their habitats, i.e. trees and stones found in the forests.
There is a need to educate the pastoralists on the destocking of their flocks as they cause
overgrazing in the area and immerse on other profitable agriculture. Overgrazing has led
to a decline of species, biodiversity, and bare lands exposing them to runoffs.

Resp. 49. Rural, female, 36—45, certificate. — The rural area is very dry a clear charac-
teristic of arid and semi-arid areas. Although the name is not common, the organisms are
often found in the area. Mostly sticking on rocks and loosely attached to the bark of trees.
Not sure of their conservation in the forest although they are spotted amidst other species.

Karura Forest

Resp. 50. Urban, male, 26-35, bachelor. — Karura Forest lies within the capital city
of Nairobi County and is majorly under Kenya Forest Services (KWS) management and
friends of Karura Forest which is the immediate community. Lichens are conserved in this
conservation area passively as majorly higher plants of high priority. Not yet documented
the species diversity of lichens in the forest. The old logs harbour high amounts of species
of lichens and even other animals’ bird nests. There has gradual loss of the forests due to
industrialization and pollution which harms biodiversity and the density of species. The
management can be strict on rules and allocation of industries’ land.

Resp. 51. Urban, female, 26-35, bachelor (forest scout). — Lichens are classified under
lower plants in the forest and part of the species conserved in the forest. The challenge is
firewood collections that are legalized in the forest as most are attached to the branches.
Pollution and climate change have also led to the gradual decline of species in the forest.
The nearby should change to other sources of energy and firewood collection banned. This
can restore some lichens.

Resp. 52. Urban, female, 36-45, bachelor (forest scout). — All species in the forests are
protected from destruction inclusive of lichens and no collection is allowed without per-
mit. The indigenous trees are highly protected as they harbour most epiphytes like lichens
and logging results in a penalty. The friends of Karura protect the forest encroachment and
report on matters of illegal logging.

Resp. 53. Urban, male, 26-35, postgraduate (forest officer). — Though they are not
the main agenda of conservation, lichens are in large amounts in the forest. The forest is
demarcated into hiking, leisure, and protected zones. Incorporation of the immediate com-
munity in conservation has improved the forest status although pollution is negatively
affecting the diversity of species. Much of the forest land is lost to industrialization. This
calls for the government to reallocate other lands for industrialization.

Nairobi Centre (Central Business District and nearby accommodation areas)

Resp. 54. Urban, female, 46 and above, postgraduate (biology teacher). — The eco-
system in the city centre can only accommodate a few plant and animal species due to in-
dustrialization, pollution, and the settlements of people. Lichens because of their nature to
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survive in harsh environments are few, spotted in undisturbed places like rocks and build-
ings. In Kenya conservation and protection of species is done in forests, game reserves,
game parks, and sacred groves.

Resp. 55. Urban, female, 18-25, bachelor. — Very low knowledge of lichens. Few are
spotted in the centre, especially on walls of old buildings but highly seen in forests and
protected areas. Conservation is only done in forests, game park reserves, and sacred
groves. Not sure of their role or their conservation status in the country.

Resp. 56. Urban, male, 36-45, basic education. - Limited knowledge of their existence
in the area but they are often found in forests. Their role is not known in the region, but
they grow and attach themselves to substrates majorly because of their lack of roots.

Resp. 57. Urban, male, 26-35, bachelor. - Medium knowledge of lichens from biology
classes in school. They are symbiotic and thus produce their food. Very minimal in the area
but highly found in the outskirts of the city and the nearby forest and conservation areas
like Nairobi reserve and Karura Forest.

Resp. 58. Urban, female, 18-25, bachelor. — Low basic knowledge of lichens which
are classified under cryptogams/epiphytes. Just attach on substrates for support as they
are autotrophs.

Resp. 59. Urban, male, 18-25, basic education. — Very low knowledge of lichens
though conservation for species is often done in the forests and protected areas in the
country. Not sure about their priority of conservation in Kenyan protection although they
grow in diverse environments.

Resp. 60. Urban, female, 18-25, certificate. — No knowledge on the existence of li-
chens. Although in Kenya, conservation of species is majorly done in forests, game parks
and game reserves. Threats to conservation have been pollution especially near towns and
industrialization.
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