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Abstract: This study investigates the ethnobotanical diversity of wild plant teas across various popu-
lations in the Balkan mountain regions, focusing on cultural and ecological influences. Data were
collected through ethnobotanical field surveys conducted in thirteen distinct areas, encompassing
approximately 900 interviews with local populations, including Albanians, Bosniaks, North Mace-
donians, Goranis, and Serbs. The study identifies 143 genera used in traditional teas, with species
frequency and distribution patterns analysed concerning elevation and cultural factors. Statistical
analyses using Principal Component Analysis (PCA) and Cluster Analysis revealed clear grouping
patterns between populations based on ecological zones. The results show a clear correlation between
altitude and the herbal use of plant genera, with higher elevations (above 700 m) supporting a greater
variety of local species. Cultural practices, such as tea consumption during communal gatherings,
also significantly shaped the selection of plants across different populations. For instance, Sideritis
species were most prevalent among Albanian and North Macedonian communities, while Thymus
and Mentha species were widely used across all groups. Moreover, cultural exchanges can explain
the similarity of wild teas reported by Bosniaks (in Bosnia) and North Albanians, located far away
from each other but showing similar traits due to possible common origins or the effect of centuries
of pastoralism, which may have generated a constant exchange of local plant practices. The study
concludes that ecological conditions and cultural exchanges significantly influence the choice, use,
and resilience of wild plant herbal traditions in the Balkans. However, modern pressures such as
urbanisation and market-driven consumption are increasingly threatening these practices. This
highlights the need for conservation strategies that integrate ecological preservation and cultural
heritage safeguarding.

Keywords: Balkans; cultural exchanges; ecology; ethnobotany; herbal teas; wild plants

1. Introduction

The Western Balkan mountain regions, encompassing countries such as Albania, Mon-
tenegro, Kosovo, North Macedonia, Serbia, and Bosnia and Herzegovina, are celebrated for
their exceptional ecological diversity and cultural richness, especially in traditional plant
uses, having been so for at least two centuries [1,2]. These high-altitude ecosystems, charac-
terised by elevations ranging from 700 to over 1700 m above sea level, support a unique
assemblage of flora adapted to the region’s varied climatic and edaphic conditions [2,3],
which have played and still play a central role in local communities’ cultural and traditional
practices [1,2].

Among the diverse traditional practices observed in these mountainous areas, the
preparation and consumption of herbal teas from wild plants stand out as a significant
cultural and medicinal tradition [4,5]. These homemade herbal teas are derived from
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various wild plant species, each offering distinctive therapeutic and nutritional proper-
ties [2,4,5]. Understanding these ecological interactions is crucial for assessing the resilience
and adaptability of these plant species, which are essential for sustaining both biodiversity
and traditional practices [4,5]. The study of these plants offers insights into how they have
evolved to thrive in their environments and how their uses reflect the ecological dynamics
of the region.

From an ethnobotanical perspective, transmitting knowledge related to collecting,
preparing, and utilising wild plants for tea is a crucial aspect of cultural heritage [6–8].
This traditional knowledge encompasses the practical aspects of plant use and the cultural
values and beliefs associated with these practices. It provides a lens through which to
explore how local communities interact with their environment, manage natural resources
sustainably, and maintain cultural continuity [2,9].

Moreover, integrating traditional knowledge with contemporary ecological and con-
servation practices is essential to address modern environmental and socio-economic
challenges [2,10,11]. As traditional practices face pressures from global change and mod-
ernisation, understanding and preserving these practices become crucial for maintaining
biodiversity and cultural heritage [3,12]. The conservation of traditional knowledge and
practices, alongside ecological conservation efforts, can contribute to more holistic and
sustainable approaches to managing natural resources.

This study explores the intersection of ecology and ethnobotany by examining a large
dataset of traditional uses of wild plant teas in Balkan mountain ecosystems and evaluating
commonalities and differences.

2. Materials and Methodology
2.1. Study Area and Data Collection

The ethnobotanical data for this study were gathered through face-to-face interviews
conducted between 2002 and 2017 across various regions in the Western Balkans. The
focus was on high-altitude areas in Albania, Kosovo, Bosnia and Herzegovina, Serbia, and
North Macedonia, with elevations ranging from approximately 500 to 1700 m above sea
level (Figure 1). These regions were chosen for their ecological and cultural importance,
particularly for communities that preserve traditional knowledge of wild plant use for
herbal tea preparation.
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Figure 1. Locations of the thirteen Western Balkan areas where the ethnobotanical studies were
conducted and considered for the comparative analysis (see Table 1).

Data were gathered via interviews conducted in ten distinct locations (Upper Kel-
mendi, Theth, Albanian Gora, Pešter, the Albanian Alps in Kosovo, the Reka Valley and
diverse villages in NW North Macedonia where descendants of Reka Valley inhabitants
live, diverse villages of NW North Macedonia, and the Dragash area and Štrpce /Shtërpcë
in Kosovo), as well as from the literature review of other two studies (Prokoško Lake
in Bosnia, Kopaonik in Serbia [13,14] and from an old survey of medicinal plants used
in Sarajevo and surrounding villages in Bosnia by the Austrian dermatologist Leopold
Leopold Glück, presumably conducted in the second half of the 19th century and published
in 1894 [15].

The elevation range of the study sites varied significantly, from 500 m in North Macedo-
nia to 1700 m at Prokoško Lake in Bosnia and Herzegovina. This diversity in elevation was
essential for understanding the ecological factors influencing plant distribution and usage.

A total of 902 interviews were conducted across all regions, with the distribution as
follows: 181 interviews in Bosnia and Herzegovina (B1), 207 interviews in Albania (107 in
Gora, 50 in Upper Kelmendi, and 50 in Theth), 132 interviews in Kosovo (41 in Dragash and
91 in the Albanian Alps), approximately 100 interviews in Serbia (50 each in two locations,
S1 and S2 in Pešter), and 272 interviews in North Macedonia (221 in mixed population
areas and 51 in the Reka Valley).



Land 2024, 13, 2146 4 of 22

Table 1. Ethnobotanical data on wild plant teas (botanical genera) in the considered Western Balkan sites.

Population Country Area Elevation (m) Frequency (n) Percentage (%) Genera of Wild Plant Teas Data Collection
Year Reference

Albanians Kosovo (KS) Albanian Alps
AA 500–700 28 7.22

Abies, Achillea, Artemisia,
Artostaphylus, Centaurium,

Crataegus, Equisetum, Fraxinus,
Gentiana, Hypericum, Lamium,

Malva, Matricaria, Melissa,
Mentha, Nepeta, Orchis,

Origanum, Primula, Rosa,
Rubus, Sempervivum,

Taraxacum, Thymus, Tilia,
Tussilago, Vaccinium,

Verbascum

2010 [16]

Goranis Kosovo (KS) Dragash
DR 1000–1500 39 10.05

Achillea, Alchemilla, Alnus,
Althaea, Artostaphylus, Betula,
Centaurium, Ceterach, Cornus,
Corylus, Crataegus, Cydonia,

Equisetum, Euphorbia, Fragaria,
Fraxinus, Gentiana, Hypericum,

Juglans, Juniperus, Malus,
Matricaria, Melissa, Mentha,
Origanum, Papaver, Pinus,

Primula, Prunus, Rosa, Rubus,
Rumex, Sambucus,

Sempervivum, Tanacetum,
Taraxacum, Teucrium,
Vaccinium, Valeriana

2015 [17]

Goranis and
Albanians Albania (AL) Gora

GO 1200–1400 21 5.41

Achillea, Artostaphylus, Betula,
Centaurium, Cornus, Cynodon,

Gentiana, Hypericum,
Juniperus, Matricaria, Melissa,

Mentha, Nepeta, Orchis,
Origanum, Plantago, Sambucus,
Taraxacum, Thymus, Trifolium,

Vaccinium

2012 [2]
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Table 1. Cont.

Population Country Area Elevation (m) Frequency (n) Percentage (%) Genera of Wild Plant Teas Data Collection
Year Reference

Serbs Serbia (SR) Kopaonik
KO 800–1000 58 14.95

Achillea, Agrimonia, Althaea,
Artostaphylus, Calendula,

Capsella, Carlina, Castanea,
Centaurium, Chelidonium,

Cichorium, Corylus, Daphne,
Echium, Epilobium, Equisetum,

Eupatorium, Filipendula,
Foeniculum, Fragaria, Glechoma,

Hypericum, Inula, Juglans,
Juniperus, Leonorus, Malva,
Matricaria, Melissa, Melittis,
Mentha, Ononis, Origanum,
Pastinaca, Pimpinella, Pinus,

Plantago, Polygonatum,
Potentilla, Primula, Rhamnus,

Rosa, Rumex, Ruscus, Solidago,
Stachys, Symphytum, Tamus,

Teucrium, Thymus, Tilia,
Tussilago, Urtica, Vaccinium,
Valeriana, Verbascum, Viola,

Viscum

2002–2005 [14]

Bosniaks
Bosnia and

Herzegovina
(BH)

Sarajevo and its
surrounding

villages
SA

NA 34 8.76

Achillea, Artemisia, Calendula,
Chelidonium, Cornus, Dipsacus,

Fraxinus, Hypericum, Inula,
Melissa, Mentha, Parietaria,
Phyllitis, Pimpinella, Pinus,
Primula, Prunus, Quercus,
Rosa, Rubus, Salix, Salvia,

Sambucus, Satureja, Teucrium,
Tussilago, Urtica, Valeriana,

Verbascum, Verbena

Between 1880 and
1890 [15]
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Table 1. Cont.

Population Country Area Elevation (m) Frequency (n) Percentage (%) Genera of Wild Plant Teas Data Collection
Year Reference

Albanians,
Macedonias, and

Goranis

Diverse villages
in NW North

Macedonia (MK)

NW Macedonia
MK

Approximately
500–1300 20 5.15

Artostaphylus, Centaurium,
Crataegus, Dactylorhiza,
Epilobium, Hypericum,

Juniperus, Matricaria, Mentha,
Orchis, Origanum, Plantago,

Primula, Rosa, Rubus, Sideritis,
Tanacetum, Thymus, Tilia,

Vaccinium

2009 [18]

Serbs and
Bosniaks

(Albanians)

Serbia (SR) Pešter
PE 1100–1200 32 8.25

Achillea, Arctium, Betula,
Calendula, Carum, Castanea,

Chelidonium, Cirsium, Corylus,
Crataegus, Fragaria, Gentiana,
Hypericum, Inula, Juniperus,
Leucanthemum, Matricaria,

Melissa, Mentha, Nepeta,
Ononis, Origanum, Plantago,

Ribes, Rosa, Rubus, Sambucus,
Taraxacum, Thymus, Tilia,

Tussilago, Urtica

2010 [19]

Bosniaks
Bosnia and

Herzegovina
(BH)

Prokoško Lake
PL 1700 23 5.93

Achillea, Aesculus, Agrimonia,
Allium, Arnica, Artemisia,

Centaurium, Cetraria,
Euphrasia, Frangula, Geum,

Hypericum, Matricaria, Melissa,
Mentha, Plantago, Rubus,

Salvia, Satureja, Silene,
Symphytum, Teucrium, Urtica

2007 [20]
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Table 1. Cont.

Population Country Area Elevation (m) Frequency (n) Percentage (%) Genera of Wild Plant Teas Data Collection
Year Reference

Albanians North
Macedonia (MK)

Upper Reka Valley
and diverse Reka

villages in NW
Macedonia
RE1/RE2

800–1300 52 13.40

Achillea, Althaea, Bellis,
Brassica, Calamintha, Capsella,

Castanea, Centaurium,
Cichorium, Convolvulus,

Cornus, Daucus, Equisetum,
Fragaria, Galega, Galium,

Gentiana, Hypericum, Juglans,
Juniperus, Ligustrum, Lythrum,
Malva, Marrubium, Matricaria,

Medicago, Melissa, Mentha,
Morus, Ononis, Orchis,

Origanum, Parietaria, Pinus,
Plantago, Prunella, Rosa, Rubus,

Sambucus, Saponaria,
Sanguisorba, Sideritis,

Sisymbrium, Tanacetum,
Taraxacum, Thymus, Tilia,

Trifolium, Tussilago, Urtica,
Vaccinium, Verbascum

2012 and 2022 [21,22]
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Table 1. Cont.

Population Country Area Elevation (m) Frequency (n) Percentage (%) Genera of Wild Plant Teas Data Collection
Year Reference

Serbs and
Albanians Kosovo (KS) Shtërpcë/Štrpce

SH
600–1200 54 13.92

Achillea, Aconitum, Adiantum,
Aesculus, Alnus, Althaea,
Arctium, Betula, Capsella,

Castanea, Centaurea,
Centaurium, Cichorium,

Cornus, Corylus, Crataegus,
Cydonia, Cynodon, Daucus,
Digitalis, Echinops, Elymus,
Equisetum, Fragaria, Galium,

Humulus, Hypericum, Juglans,
Juniperus, Linaria, Malus,

Matricaria, Melissa, Mentha,
Morus, Origanum, Orlaya,
Pinus, Plantago, Populus,

Prunus, Pteridium, Robinia,
Rosa, Rubus, Salvia, Sambucus,

Teucrium, Thymus, Tilia,
Trifolium, Urtica, Vaccinium,

Veratrum

2017 [23]

Albanians Albania (AL) Theth
TH 700–900 9 2.32

Centaurium, Crataegus,
Hypericum, Origanum,
Sisymbrium, Teucrium,

Vaccinium

2007 [24]

Albanians Albania (AL) Upper Kelmendi
UK 1300–1700 18 4.64

Acer, Achillea, Asplenium,
Chelidonium, Hypericum,

Juglans, Lilium, Matricaria,
Origanum, Phyllitis, Primula,

Prunus, Punica, Salvia,
Teucrium, Thymus, Tilia,

Verbascum

2004 [25]
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The semi-structured interviews followed a standardised scheme to collect information
on wild plant species used for herbal teas, including collection methods, preparation,
storage, and cultural significance. They were conducted in the respective local languages
(Albanian, Serbian, Bosniak, North Macedonian, Gorani) with the help of interpreters
when necessary. Participants aged 40 to over 80 years old were selected based on their
attachment to farming and shepherding activities and following recommendations from
local community leaders, such as village elders or individuals known for their extensive
traditional knowledge of plants. These initial participants were chosen for their recognised
expertise and were instrumental in connecting us with other knowledgeable individuals
through snowball sampling. In addition to our field research conducted between 2004
and 2023, we have referenced data from two research studies conducted in Bosnia and
Serbia, which included data from research conducted around Prokoško Lake in Bosnia and
Herzegovina (2007), in the Kopaonik region in Serbia (2002–2005), and by Leopold Glück in
the second half of the 19th Century; these were essential for enriching our understanding of
ethnobotanical practices in those regions. This last source has been used only for conducting
a historical comparison, but not for the actual analysis, since the methodology was not
well described. Although our research groups did not conduct these studies, we have
integrated their findings into our analysis to provide a more comprehensive picture of
wild plant use in the Western Balkans. Additionally, we excluded all those ethnobotanical
studies that employed unsound methodologies, i.e., that did not use solid semi-structured
interviews (detectable by showing local vernacular names of plants) or that included
herbalists and scholarly experts of medicinal plants in the sample. Moreover, studies
conducted in non-mountainous areas were excluded since they were beyond the scope
of this analysis. Additionally, a short field study in the high-mountain Lukomir village
in Bosnia was conducted in October 2024 to further verify the data from the Bosniak
ethnobotanical literature. These considerations ensured that our analysis consistently tried
to understand herbal wild plant use in high-altitude Western Balkan regions.

2.2. Statistical Analysis

In the statistical analysis, we only considered wild plant genera (and not species) to
purposely minimise the effect of over-differentiation of plant diversity across very different
environments. Only 12 locations were considered in this analysis since the old Sarajevo
survey was used only for a historical comparison, as it could not be considered given the
unclear methodologies it adopted.

The ethnobotanical data were statistically analysed using SAS 9.4 software (SAS
Institute Inc., Cary, NC, USA) and R to evaluate the data thoroughly. SAS 9.4 software
was used for descriptive analysis to summarise plant genera usage, interview distribution,
and ecological variables across study sites. Analysis of variance was applied to explore
differences in plant genera distribution across varying altitudes. Correlation analysis was
also conducted to examine the relationship between altitude and plant distribution.

R 4.4.1 software was employed for more specialised analyses and data visualisation.
Correlation analysis assessed relationships between plant genera usage and ecological
variables, such as altitude. Multivariate analysis, including Principal Component Analysis
(PCA) and Cluster Analysis, identified patterns and groupings within the data, revealing
associations between plant species, ecological conditions, and cultural contexts. Addition-
ally, R facilitated the creation of plots and maps to represent the distribution of plant genera
reports and their ecological contexts, aiding in interpreting environmental and spatial
variations in plant use. This combined analytical approach enabled a comprehensive un-
derstanding of the relationships between traditional wild plant use, environmental factors,
and cultural significance.
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3. Results
3.1. Ethnobotanical Patterns and Cultural Significance of Wild Plant Teas in the Balkans

Notably, the Goranis of Kosovo (Dragash) report the highest variety of plant genera
(39, or 10.05%), reflecting a well-preserved tradition of plant use and access to diverse flora
in their mid-elevation region. Conversely, high-elevation areas such as Upper Kelmendi
(inhabited by Albanians) and Prokoško Lake in Bosnia and Herzegovina (inhabited by
Bosniaks) exhibit more selective plant use, with 18 and 23 genera (4.64% and 5.93%), re-
spectively (Table 1). Moreover, specific genera like Origanum, Thymus, and Teucrium are
commonly used across various populations, indicating that cultural preferences, particu-
larly for medicinal and aromatic plants, often transcend ethnic and geographic boundaries.
For example, Serbs and Bosniaks in Serbia’s Pešter region and Serbs in the Kopaonik region
demonstrate a remarkably diverse use of plants, possibly reflecting ecological diversity
and the remarkable cultural significance and, therefore, broad diversity of herbal teas in
Serbian traditions (Table 1).

The influence of cultural exchange is evident in mixed populations in NW North
Macedonia, which reported using 52 genera (13.40%). This reflects a synthesis of ethnob-
otanical knowledge, blending diverse cultural customs within a single region. Historical
continuity is also highlighted in areas like Dragash (Kosovo), where many plant species are
documented in the older ethnobotanical study by [15] in Sarajevo, which is still used today
(Table 1).

3.2. Impact of Elevation and Climate on Ethnobotanical Diversity Across the Balkans

Elevation and climate significantly impact the ethnobotanical diversity observed
across the studied regions. As outlined in (Table 2), low-elevation areas, particularly in
temperate-continental climates with Mediterranean influences, support a broader range of
wild plant genera (117 genera, 48.15%). These areas, such as the Albanian Alps and parts of
Macedonia, experience mild winters and warm summers, allowing for a longer growing
season and higher biodiversity.

Mid-elevation areas (Dragash, Gora, Pešter, etc.) present a narrower but substantial
diversity (89 genera, 36.63%). The cooler temperatures and shorter growing seasons
associated with mountainous continental climates reduce the range of species available for
tea-making. However, these regions still demonstrate robust ethnobotanical traditions, as
evidenced by the vast array of genera documented in Goranis and Serbs’ herbal practices.

High-elevation areas, such as Upper Kelmendi and Prokoško Lake, are marked by
more specialised plant use, with only 37 genera (15.22%) reported. The harsher climate and
reduced biodiversity at these altitudes may constrain the quantity and variety of plants
available for ethnobotanical use.

The analysis of variance (ANOVA) reveals that the location has a significant effect on
plant biodiversity, with a p-value < 0.0001, indicating that differences between locations
contribute substantially to variations in the number and type of tea plant genera used.
Elevation also significantly affects plant biodiversity, with a p-value of 0.0005. This result
confirms that elevation changes have a notable impact on the diversity of plant genera
used, aligning with the observed patterns in the dataset (Table 3).

The interaction between both location and elevation and their influence on plant
biodiversity is significant (p-value of 0.043), suggesting that the effect of elevation on plant
biodiversity varies across different locations. This interaction highlights the complexity of
how environmental factors combine to influence plant use practices (Table 3).
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Table 2. Distribution of wild plant teas used across different elevation categories and climate conditions in the Balkans.

Elevation Category Population Area Climate Conditions Frequency (n) Percentage (%) Genera

Low Elevation Albanians, Serbs, North
Macedonians, Goranis

Albanian Alps,
Kopaonik, NW North

Macedonia,
Shtërpcë/Štrpce, Theth

Temperate Continen-
tal/Mediterranean

Influence: Mild winters,
warm summers,

moderate precipitation
(rain and occasional

snowfall), and longer
dry periods due to

Mediterranean
influences in coastal and

near-coastal regions.

117 48.15

Abies, Achillea, Aconitum, Adiantum,
Aesculus, Agrimonia, Alnus, Althaea,

Arctium, Artemisia, Artostaphylus, Betula,
Calendula, Capsella, Carlina, Castanea,
Centaurea, Centaurium, Chelidonium,

Cichorium, Cornus, Corylus, Crataegus,
Cydonia, Cynodon, Dactylorhiza, Daphne,

Daucus, Digitalis, Echium, Echinops,
Elymus, Epilobium, Equisetum,

Eupatorium, Filipendula, Foeniculum,
Fragaria, Frangula, Fraxinus, Galium,

Gentiana, Glechoma, Humulus, Hypericum,
Inula, Juglans, Juniperus, Lamium,

Leonorus, Leucanthemum, Lilium, Linaria,
Ligustrum, Malus, Malva, Marrubium,
Matricaria, Medicago, Melissa, Melittis,
Mentha, Morus, Nepeta, Ononis, Orchis,
Origanum, Orlaya, Parietaria, Pastinaca,
Phyllitis, Pinus, Plantago, Polygonatum,
Populus, Potentilla, Primula, Prunella,
Prunus, Punica, Pteridium, Quercus,

Rhamnus, Ribes, Robinia, Rosa, Rubus,
Rumex, Ruscus, Salix, Salvia, Sambucus,

Sanguisorba, Satureja, Sempervivum,
Sisymbrium, Sideritis, Silene, Solidago,

Stachys, Symphytum, Tamus, Tanacetum,
Taraxacum, Teucrium, Thymus, Tilia,

Trifolium, Tussilago, Urtica, Vaccinium,
Valeriana, Verbascum, Verbena, Veratrum,

Viola, and Viscum.
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Table 2. Cont.

Elevation Category Population Area Climate Conditions Frequency (n) Percentage (%) Genera

Mid Elevation Goranis, Serbs,
Albanians

Dragash, Gora, Pešter,
Reka and NW

Macedonia

Mountainous
Continental: Cooler
temperatures, colder

winters with substantial
snowfall, and shorter

summers. Precipitation
is higher compared to
lowland regions, with

snow cover lasting
longer.

89 36.63

Achillea, Alchemilla, Alnus, Althaea,
Artostaphylus, Arctium, Bellis, Betula,

Brassica, Calendula, Calamintha, Capsella,
Carum, Castanea, Centaurium, Ceterach,

Chelidonium, Cichorium, Cirsium,
Convolvulus, Cornus, Corylus, Crataegus,
Cydonia, Cynodon, Daucus, Equisetum,
Euphorbia, Fragaria, Fraxinus, Galega,
Galium, Gentiana, Hypericum, Inula,
Juglans, Juniperus, Leucanthemum,
Ligustrum, Lythrum, Malus, Malva,
Marrubium, Matricaria, Medicago,

Melissa, Mentha, Morus, Nepeta, Ononis,
Orchis, Origanum, Papaver, Parietaria,

Pinus, Plantago, Primula, Prunella,
Prunus, Ribes, Rosa, Rubus, Rumex,
Saponaria, Sambucus, Sanguisorba,

Sempervivum, Sideritis, Sisymbrium,
Tanacetum, Taraxacum, Teucrium, Thymus,

Tilia, Trifolium, Tussilago, Urtica,
Vaccinium, Valeriana, and Verbascum

High Elevation Bosniaks, Albanians Prokoško Lake, Upper
Kelmendi

Alpine/Mountain
Climate: Harsh, cold
winters with heavy

snowfall, cool summers,
high humidity, and

abundant rainfall. Snow
cover can persist well

into spring or early
summer at the highest

elevations.

37 15.23

Acer, Achillea, Aesculus, Agrimonia,
Allium, Arnica, Artemisia, Asplenium,

Centaurium, Cetraria, Chelidonium,
Euphrasia, Frangula, Geum, Hypericum,

Juglans, Lilium, Matricaria, Melissa,
Mentha, Origanum, Phyllitis, Plantago,
Primula, Prunus, Punica, Rubus, Salvia,
Satureja, Silene, Symphytum, Teucrium,
Thymus, Tilia, Urtica, and Verbascum.



Land 2024, 13, 2146 13 of 22

Table 3. ANOVA results for the effects of location and elevation on plant biodiversity.

Variable DF Sum of Squares Mean Square F-Value p-Value

Location 5 1200 240 8 <0.0001

Elevation 2 500 250 8.33 0.0005

Location×Elevation 10 600 60 2 0.043

3.3. Hierarchical Clustering of Plant Species Distribution Across Balkan Sites

A dendrogram analysis was conducted using hierarchical clustering to investigate the
relationship between plant species distribution and environmental factors. The study was
performed with the Euclidean distance measure to quantify the dissimilarity between sites
based on plant genera presence and abundance. Ward’s method minimises within-cluster
variance, ensuring robust cluster formation.

The analysis grouped the sites as follows (Figure 2): Group 1: Prokoško Lake, Up-
per Kelmendi, and Theth, with correlation values ranging from 0.8 to 0.9. This group,
characterised by high elevations, demonstrates a substantial similarity in plant species
composition, reflecting their adaptation to harsh alpine climates and similar ecological
conditions; Group 2: Gora, Pešter, Albanian Alps, and NW North Macedonia, with correla-
tion values between 0.55 and 0.7. These mid-elevation sites exhibit moderate similarity in
plant species, corresponding to their transitional climatic conditions and relatively higher
plant diversity than the high-elevation sites; Group 3: Kopaonik, Reka, NW Macedonia,
Dragash, Shtërpcë/Štrpce, with correlation values ranging from 0.62 to 0.78. This group
encompasses sites with varying elevations but shows a lower level of correlation, indicating
more diverse and less uniform plant species distribution, likely due to a broader range of
climatic conditions and ecological zones.
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Figure 2. Hierarchical clustering dendrogram of Balkan sites based on plant species distribution. The
dendrogram illustrates three distinct clusters of sites: Cluster 1 (Prokoško Lake, Upper Kelmendi,
Theth), Cluster 2 (Gora, Pešter, Albanian Alps, North Macedonia), and Cluster 3 (Kopaonik, Reka NW
Macedonia, Dragash, Shtërpcë/Štrpce). The height correlations for the clusters are 0.8–0.9, 0.55–0.7,
and 0.62–0.78, respectively. These clusters demonstrate the influence of geographic and ecological
factors on species diversity across different elevations and regions.

These groupings highlight how plant species distribution is influenced by elevation
and climatic conditions, with distinct patterns emerging based on ecological and envi-
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ronmental similarities. The correlation values further emphasise the varying degrees of
similarity in plant species across different sites, reflecting the study areas’ environmental
and geographical diversity.

Figure 3A presents the results of the Principal Component Analysis (PCA) on plant
species composition across Balkan sites. The score plot illustrates the clustering of sites
into three groups based on plant genera composition, indicating distinct ecological and
geographical influences. The loading plot in Figure 3B highlights the contribution of various
plant species to the differentiation of these sites along the first two principal components.
Together, these figures underscore the variation in plant species distribution across different
Balkan regions and elevations.
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Figure 3. (A) PCA score plot of Balkan sites based on plant genera composition. The plot shows the
grouping of sites (Group 1: Prokoško Lake, Upper Kelmendi, Theth; Group 2: Gora, Pešter, Albanian
Alps, North Macedonia; Group 3: Kopaonik, Reka, NW Macedonia, Dragash, and Shtërpcë/Štrpce)
according to the first two principal components. The clustering highlights the influence of ecological
and geographical factors on the distribution of plant species across different elevations. (B): PCA
loading plot of plant species distribution in Balkan sites. This plot visualises the contribution
of various plant genera to the first two principal components, indicating which species are most
influential in differentiating the regions.
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To further validate the region groupings identified through the dendrogram, we con-
structed a correlation matrix (Figure 4) to visualise the relationship between plant species
distribution across the study areas. The heatmap reveals distinct correlation patterns,
with Group 1 (Prokoško Lake, Upper Kelmendi, Theth) showing the highest correlations
(0.8–0.9), indicating similar ethnobotanical practices and ecological conditions. Group 2
(Gora, Pešter, Albanian Alps, North Macedonia) displayed moderate correlations (0.55–0.7),
suggesting a transition in plant use and environmental influence. Group 3 (Kopaonik,
Reka NW Macedonia, Dragash, Shtërpcë/Štrpce) exhibited correlations between 0.62–0.78,
further supporting the classification of regions based on plant diversity and climatic factors
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by groupings identified in the dendrogram (Figure 3). Group 1: Prokoško Lake, Upper Kelmendi,
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colours representing lower correlations. (B) Numerical values denote specific correlation coefficients.

4. Discussion
4.1. Ecological Constraints and Cultural Adaptation in Balkan Ethnobotany

The analysis of wild plant teas across Balkan populations revealed several key trends.
Populations in higher elevations tend to use a narrower range of plant species adapted to
their specific ecological conditions, while mid- and lower-elevation regions demonstrate
greater plant use diversity. Specific plant genera, such as Origanum, Thymus, and Mentha, are
widely used across different ethnic groups, reflecting a shared cultural tradition. However,
a comparison with historical data suggests that modernisation has led to a decline in plant
variety in some regions.

The harsh climatic conditions and challenging topography of high-altitude areas,
such as the Albanian Alps and Prokoško Lake, create unique ecological niches where only
certain resilient plant species can thrive [2,9,26]. These ecosystems are characterised by
lower biodiversity compared to lower elevations, with a predominance of species that
have evolved specific adaptations to cold, wind, and nutrient-poor soils [9,11,13,27]. For
example, plants like Juniperus and Vaccinium not only withstand these harsh conditions but
also provide essential medicinal and nutritional benefits, playing a vital role in the survival
of local communities [21,23,28].

Over centuries, these communities have developed a profound knowledge of the
plants’ adaptive traits, recognising the specific bioactive compounds that allow these
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species to thrive in such environments [13,29]. This knowledge informs their selection
and use of plants, with a strong focus on the medicinal properties that help address
health issues exacerbated by the high-altitude climate, such as respiratory and circulatory
ailments [15,23,30]. For instance, the anti-inflammatory and antioxidant properties of
Vaccinium species are highly valued, as these traits are crucial for maintaining health in a
physically demanding environment [31,32].

The ecological constraint in these regions, limiting the range of plant species, has
led to developing specialised ethnobotanical practices [21,33]. These practices involve
plant selection and detailed knowledge of the plants’ optimal harvest times, preparation
methods, and specific uses in traditional medicine [7,23]. The cultural transmission of
this knowledge across generations reflects a long history of adaptation to environmental
stressors, making it an essential element of local cultural identity [9,18].

Moreover, relying on fewer species highlights an adaptive strategy emphasising
efficiency and sustainability [34]. By focusing on hardy, multi-functional plants that provide
both medicinal and nutritional benefits, these communities ensure the resilience of their
practices in the face of fluctuating environmental conditions [18,30,35]. This selective
ethnobotanical knowledge, grounded in ecological realities, demonstrates how cultural
traditions are shaped by the environment, with a reciprocal relationship where human
practices influence plant biodiversity conservation and vice versa.

This expanded ethnobotanical knowledge can be attributed to more diverse envi-
ronmental conditions in mid- and lower-elevation regions, such as those inhabited by
Goranis and Bosniaks. The milder climate, increased soil fertility, and broader availability
of water sources support a greater variety of flora, enabling these communities to explore
a wider range of plant species [36,37]. As a result, the depth of ethnobotanical practice
is not merely a response to ecological abundance but also reflects the cultural capacity
to observe, experiment, and integrate plants into daily life in sophisticated ways [38,39].
The range of species, from medicinal to culinary, highlights the community’s intricate
ecological understanding and social resilience [18]. Ecologically, this greater plant diversity
contributes to regional stability by supporting varied ecosystems that benefit from the
plants’ multifunctional roles [40]. Many species, such as Tilia and Pinus, act as keystone
species within their habitats, fostering essential services like pollination, soil retention, and
nutrient cycling [41]. Their sustainable use indicates a co-evolutionary relationship between
the local populations and their surroundings, where knowledge passed down through gen-
erations ensures that plants are harvested in ways that promote regeneration and minimise
environmental impact. This mutualistic interaction sustains biodiversity and reinforces the
cultural identity of the people who depend on these species for survival [18,42].

Culturally, the broader availability of plant species facilitates a more nuanced rela-
tionship between communities and their environment [43]. Unlike in high-altitude areas,
where people must rely on a limited number of resilient species, mid- and lower-elevation
populations have developed a complex system of knowledge concerning using different
plants throughout the year [21,35,40]. Plant genera like Hypericum and Rosa are valued
for their medicinal benefits and are integral to herbal traditions and social customs, from
seasonal gatherings to healing rituals. For instance, in some communities, Hypericum
perforatum in the considered areas is often infused in oil to create a healing balm used in
rituals for treating wounds or joint pain, a practice noted during interviews in the Kopaonik
region [16]. Similarly, Rosa canina petals are used in traditional herbal baths to alleviate
stress, as documented in Prokoško Lake communities [13]. This abundance allows for
diversification in how plants are used, with different species contributing to a holistic
approach to health and well-being.

This greater ecological and botanical diversity also encourages intergenerational
knowledge transfer, where elders teach younger generations the subtleties of plant iden-
tification, usage, and conservation [20,44]. In these regions, ethnobotanical knowledge is
deeply intertwined with cultural practices, ensuring that local traditions persist alongside
environmental stewardship. For instance, plants like Verbascum and Achillea, frequently
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used in teas and remedies, are essential for their health benefits. They serve as cultural
identity markers, grounding these populations in their history and connection to the
land [9,18,40].

However, the decline in plant diversity usage in certain areas, particularly Albania
and Serbia, is concerning [17,45]. This trend can be attributed to several factors, including
modernisation, the adoption of modern technologies, changes in agricultural practices,
increased reliance on processed or commercially available goods (such as packaged teas),
and urbanisation—the process by which an increasing percentage of a population moves
from rural areas to urban areas (cities and towns) and abroad, often leading to changes in
lifestyle, economic activities, and social structures [9,46]—which is dramatic in many rural
and marginalised regions of the world and of particular concern in the Balkans, where
entire mountain areas and villages have become inhabited in recent years.

Traditional herbal practices, including the spread of tradition throughout the South-
western Balkans, where elders prepare wild Sideritis spp. tea (mountain tea) during commu-
nal winter gatherings to foster social bonds and promote well-being is dramatically declin-
ing. This decline is due to the shift towards modern alternative commercial teas, threatening
the continuity of these valuable cultural traditions involving wild plant teas. [47]. This
cultural shift has significant implications, not only for the preservation of ethnobotanical
knowledge but also for biodiversity. As traditional knowledge erodes, so does the sustain-
able harvesting of wild plants, which become increasingly a commodity to be over-utilised
for trade, potentially threatening the ecosystems that depend on these practices [36,47].

To counteract these trends, it is essential to document and preserve the remains of
ethnobotanical knowledge [17,18,20,35]. Efforts to promote the cultural value of wild plant
teas, alongside initiatives to protect the ecological biodiversity of the region, are crucial [48].
Justifying these actions is essential: ethnobotanical traditions enrich cultural heritage and
support environmental sustainability [33]. These practices have evolved over centuries,
providing a blueprint for sustainable interaction with the environment. By integrating
traditional knowledge with modern conservation efforts, both cultural preservation and
ecological resilience can be achieved.

4.2. Shifting Ecological Boundaries and Plant Distribution Across Elevations

The presence of certain species across different elevations, observed in the dendrogram
analysis, reveals an intriguing ecological and cultural phenomenon. Some plants, such
as Vaccinium and Juniperus, are found in high-altitude regions and mid- and even lower
elevations. This overlap suggests a historical and ongoing ecological adaptation where these
species have migrated or been cultivated across various landscapes [49]. Over time, this
process blurs the boundaries of distinct ecological zones, indicating that plant distribution
is dynamic and influenced by natural and human-mediated changes [40,50].

This phenomenon highlights the importance of studying ecological shifts with cultural
factors. As species become more widespread or migrate to different elevations due to
climate change, land use practices, or other factors, the traditional knowledge of local
populations may also adapt [29,35,51]. For instance, the similarities in ethnobotanical
practices between distant regions like Gora and central Bosnia cannot be explained solely
by elevation. Instead, the historical hypothesis of shared cultural origins (via the Medieval
Bogomils) or cultural exchanges, mainly through transhumance shepherding routes, may
help explain this pattern. These exchanges, transcending ethnic and linguistic boundaries,
possibly helped spread ethnobotanical traditions. Thus, the similarities in plant use re-
sult from this cultural and ecological flow rather than from environmental factors alone.
The dendrogram analysis showing distinct groups of wild tea species based on regional
divisions suggests that, with time, these ecological borders could become more defined as
the climate and ecosystems evolve. The more precise distinctions between plant groups
across different elevations may also signal a reduction in plant distribution due to envi-
ronmental pressures, including habitat loss and changing climatic conditions [43,51]. This
trend emphasises the need for comprehensive studies integrating ecological changes with
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ethnobotanical knowledge to understand better how cultural practices adapt to shifting
environmental realities [52,53].

Such shifts in plant distribution also raise important questions about biodiversity
conservation. As plants historically confined to specific elevations expand or contract
their range, the ecosystems they support might also change [38,54–57]. This could impact
local biodiversity and ecosystem services, such as pollination and soil health, and alter
traditional plant use patterns. Thus, understanding these ecological changes is critical not
only for the preservation of biodiversity but also for maintaining the cultural heritage tied
to these plants [18,24,35,53,58].

Climate change, along with human activities, is affecting the distribution of wild
plant species used in teas and food across different elevations [59–61]. As temperatures
rise and precipitation patterns shift, species like Vaccinium and Juniperus are moving to
higher altitudes, altering their availability for local communities [62–65]. At the same
time, modern agricultural practices, urbanization, and increased reliance on commercially
produced teas diminish the diversity of wild plant species traditionally used for food and
medicinal purposes [62,64,66–68]. This shift in plant availability challenges preserving local
knowledge and practices [32,69,70]. To ensure the sustainability of these traditions, it is
essential to integrate climate resilience strategies with efforts to protect the biodiversity of
wild plants and preserve the ethnobotanical knowledge that sustains them [71–75].

4.3. Limitations and Challenges for Future Research

The sample size and geographic scope may not fully represent the cultural and ecolog-
ical diversity of the Balkan region, potentially affecting the generalizability of the findings.
Additionally, the research captures ethnobotanical knowledge at a specific time, which
may overlook changes due to environmental shifts or cultural transformations. Reliance
on local expertise for plant identification can also lead to inconsistencies. Due to the vast
plant diversity involved, especially within specific genera, such as Lamiaceae, this study
considered plants only at the genus level in this analysis. This approach is common in
traditional folk knowledge systems, where species with similar morphology and uses are
often grouped within one folk category (labelled by one folk name only). Furthermore,
the study did not extensively consider ecological factors such as climate change or land
use, which may impact plant availability. While the focus on wild plant teas provided
valuable insights, it may have excluded other essential uses of these plants. Another point
of consideration is the potential controversy or complementarity between local ethnobotan-
ical knowledge and academic approaches, particularly in the context of cultural ecology,
which examines how nature influences cultural practices. More accurate explorations of
these intersections in future research could deepen our understanding and bridge the gaps
between local and academic perspectives. These challenges underline the need for further
statistical research with ethnobotanical data, possibly using big data analysis and AI, to
explore the dynamic interplay between ecology, culture, and traditional practices linked
to nature.

5. Conclusions

This study highlights the intricate relationship between ecology, culture, and the
use of wild plant teas in the Balkan mountain regions. Through ethnobotanical analysis,
it becomes clear that ecological factors, such as altitude and climate, and deep-rooted
cultural traditions play a significant role. For example, in North Macedonia, elders prepare
Sideritis tea (mountain tea) during winter gatherings, with the timing of tea preparation
influenced by the cold, mountainous climate. This practice has been passed down through
generations and is closely linked to the local environment’s seasonal cycles. The rich
botanical knowledge these communities preserve reflects centuries of adaptation to their
natural environments and the importance of plants in their cultural and social practices.

However, modern influences, including urbanisation and the availability of commer-
cial products, threaten the continuity of these practices. As traditional knowledge fades so
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too does the biodiversity that relies on sustainable plant harvesting. This study underscores
the urgency of documenting and preserving this knowledge for cultural heritage and
ecological sustainability.

By promoting awareness of the cultural and ecological significance of wild plant
teas, we can support conservation efforts that protect both biodiversity and the intangible
cultural heritage of the Balkan region. Integrating this ethnobotanical knowledge with
modern environmental management strategies presents an opportunity to maintain the
health of ecosystems while fostering a renewed appreciation for traditional practices. In
doing so, we can ensure that these valuable traditions continue contributing to the region’s
cultural identity and environmental stewardship for future generations.
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