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“I know a lot about medicinal plants. | D
read, | watch, and | search": towards hybrid
knowledge systems in the modern era
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Abstract

Background Hybrid knowledge systems are central to community negotiations of environmental, social, and
epistemic pressures. In multilingual borderland areas, interactions between local ecological knowledge (LEK),
formal, and popular knowledge systems remain underexplored, despite their importance for the persistence and
transformation of medicinal plant use today.

Methods We conducted 67 semi-structured interviews and participant observation in 21 rural settlements of the
Vilnius region (Lithuania), an area bordering Belarus, focusing on the two largest local groups, Lithuanians (LT) and
Poles (PL). Detailed Use Reports (n=1446) on medicinal plant use were coded by the origin of knowledge, classified
as local, formal, or popular, and the degree of hybridisation was quantified using the Shannon-Wiener diversity index
and hybridisation metrics. Sociodemographic variables (age, gender, education, and multilingualism) were tested for
associations with hybridisation using Spearman’s p and Student’s t-tests.

Results A total of 139 medicinal taxa were recorded, of which 68 (49%) were shared between the two

groups. Overall, recorded medicinal plant knowledge remained primarily grounded in LEK; sustained through
intergenerational transmission. Compared with PL, LT interviewees drew on a broader mix of knowledge-origin
domains (H'=0.97 vs 0.52) and combined them more often (HD=0.195 vs 0.059). In total, 39 taxa showed hybrid use,
predominantly in the LT group. Hybridisation was negatively associated with age but positively correlated with the
number of listed plants and their reported uses, while multilingualism showed a near-significant positive trend.

Conclusions The study suggests that medicinal plant knowledge has evolved here through hybridisation, a process
whose consequences are context-dependent, offering opportunities for revitalisation but also a risk of displacement.
Dialogic exchanges across families, communities, languages, and media expand people’s plant repertoire and
strengthen community adaptive capacity. Yet when these exchanges lead to excessive standardisation, they risk
eroding the diversity of local traditions. Ethnobotanical research must therefore go beyond documenting popular
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and formal knowledge sources to interrogate how linguistic and sociopolitical contexts condition the emergence of
hybrid knowledge systems, privileging certain forms while rendering others transformed or marginalised.

Keywords Degree of hybridisation, DzUkija, Formal knowledge, Knowledge diversity, Knowledge transmission,
Knowledge systems, Medicinal plants, South-eastern Lithuania, Local ecological knowledge

Background

Contemporary societies face what has been called a
polycrisis: environmental decline, political turbulence,
and uncertainty about knowledge systems reinforce one
another [13]. In this context, the ways in which local eco-
logical knowledge (LEK) circulates and persists are being
reshaped [16]. Beyond globalisation and climate shocks,
the rise of digital media and shifts in governance intro-
duce new channels, authorities and metrics of credibility
for local knowledges [7]. In various marginal contexts,
such shifts change sow people value and recognise plant
expertise, which remains vital for the health and resil-
ience of local communities [28]. Medicinal plant knowl-
edge is especially exposed to these dynamics because it is
rooted in embodied practice, intergenerational memory,
and locally embedded systems of care [72]. How such
knowledge is remembered, adapted, or forgotten cannot
be separated from broader regional trajectories of econ-
omy and politics [17].

Hybridisation has been identified as a key driver of
both change and continuity in local knowledge systems
[21]. In this study, knowledge hybridisation is concep-
tualised as a dynamic process through which elements
from different knowledge domains, such as local, sci-
entific, and popular knowledge, are combined, reinter-
preted, and recontextualised in practice. Consistent with
this, Yanou et al. [74] document a mixed picture in which
certain LEK elements decline, whereas others persist by
incorporating outside knowledge. However, Sharifian et
al. [62] highlighted that little is known about LEK hybrid-
isation processes. Where hybrid forms are documented,
such as across different types of pastoral mobility and
specific knowledge domains, the evidence is fragmentary,
and patterns are inconsistent. Despite growing interest
in knowledge hybridisation, systematic analyses of how
local, formal, and popular epistemologies interact are still
scarce [10, 35, 67], especially via digitally mediated, infor-
mal channels in multilingual, post-socialist regions.

One necessary consequence is that knowledge hybridi-
sation, in response to historical and contemporary pres-
sures, has become a key strategy through which local
communities negotiate complex epistemological land-
scapes [78]. Often, practitioners have adapted known
remedies to meet emerging conditions while also devel-
oping new medicines in response to novel challenges:
“new practices for new problems” [75]. Rather than signal-
ling cultural decline [38], such a blend of local, formal,
and popular knowledge systems often reflects deliberate,

situated, and context-specific strategies for navigating
shifting social-ecological dynamics [76].

Rather than treating knowledge traditions as his-
torically autonomous, we emphasise their longstanding
entanglement [45]. With the growing authority of educa-
tional, medical, and regulatory institutions, plant knowl-
edge became shaped by more standardised frameworks.
In 19th- and 20th-century Europe, people continued to
rely on longstanding vernacular traditions of healing,
yet plant use was increasingly redirected through formal
schooling, professional medicine, and state-led classifi-
cation systems [48]. By the mid-1900s, written sources
such as herbals, school textbooks, technical manuals, and
popular literature had become the dominant repositories
of botanical knowledge [36]. Regional differences in the
use of medicinal plants have gradually weakened due to
the spread of formal public education and the adoption
of binomial nomenclature, which has made it easier to
create standardised botanical knowledge frameworks [31,
54].

The use of medicinal plants in the Vilnius region and
surrounding areas has been well-documented by Lithu-
anian scholars [32, 33, 50, 58, 66, 73]. However, much
less is known about how these traditions have hybridised
across ethnic groups under contemporary conditions.

After WWII in the Vilnius region, as in the wider west-
ern borderlands of the former Soviet Union, knowledge
homogenisation processes were reinforced by centralised
institutions, including the public education system, state
healthcare, and official pharmacies [5, 41, 42]. In the stud-
ied region, the collection of medicinal plants was placed
under state supervision. Authorities organised seasonal
campaigns, assigned quotas to local communities, and
prescribed which species were considered medicinal in
the official pharmacopoeias. These measures did not only
structure the work of foragers but also limited standard
practices [9, 11] and reduced the diversity of local plant
knowledge [58].

Building on recent debates [12, 35, 38], we approach
hybridisation as a complex and context-sensitiveprocess
whose consequences are not intrinsically beneficial or
detrimental. While mutual learning and cross-fertilisa-
tion (e.g., through dialogic knowledge co-production)
may lead to expansion or reconfiguration of knowledge
content, practices and repertoires [68], this does not nec-
essarily imply an increase in epistemic diversity in the
strict sense. At the same time, hybridisation can facili-
tate epistemic homogenisation [49] when one knowledge
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system comes to dominate and redefine the standards of
credibility and legitimacy [63]. These ambivalences are
not unique to the present but resonate with longer his-
torical trajectories, as plant-related knowledge has long
been produced, transmitted, and validated through shift-
ing configurations of authority across generations.

This study advances a nuanced understanding of
knowledge hybridisation by examining how LEK, formal,
and popular epistemologies intersect in shaping contem-
porary medicinal plant use. Drawing on fieldwork in the
Lithuanian-Belarusian borderland, a historically multi-
layered region, we analyse how hybrid forms of medicinal
plant knowledge take shape among the two largest local
ethnic groups, Lithuanians and Poles. Specifically, we aim
to (1) document existing medicinal plant knowledge, (2)
compare knowledge content, sources, and transmission
pathways across ethnic groups, and (3) assess the degree
and character of hybridisation in relation to key sociode-
mographic variables.

Materials and methods
Study site
Our fieldwork took place in the Vilnius region (Lithu-
ania), close to the Belarusian border (Fig. 1). It was
conducted as a part of a broader investigation of ethno-
botanical and ethnomedicinal knowledge in the western
borderlands of the former Soviet Union [41, 42, 55-57].
This area marks a transition zone between the central
Lithuanian lowlands and the western Belarusian uplands,
with altitudes varying from about 120 to 240 m and
in places rising to nearly 300 m above sea level (locally
reaching up to~294 m). The environment is character-
ised by sandy, low-fertility soils, extensive peatlands and
wetlands [39]. The climate is humid continental (Képpen
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Dfb), with a mean annual temperature of~7.2 °C and
mean annual precipitation ranging from 685 mm (Vil-
nius) to 701 mm (Sal¢ininkai) [19]. Forest cover in the
region is extensive, with pine and mixed stands occu-
pying more than half of the territory. According to
Jukneliené and Mozgeris [26], the largest expansion of
new forests in the second half of the twentieth century
took place here. At the same time, the Sal¢ininkai munic-
ipality underwent considerable deforestation, illustrating
how contrasting land-use processes can coexist within
the same landscape. These shifts in forest cover are
directly relevant for ethnobotanical practices, altering the
accessibility and abundance of medicinal species gath-
ered in forests, meadows, and wetland margins.

Historically, this territory was subject to numerous
shifts in political affiliation over the last millennium
[25]. The Vilnius region is defined as Vilnija or Vilniaus
krastas in Lithuanian or Wilerszczyzna (Vilenséyna)
in Polish and Belarusian historiographies [69]. Within
Lithuanian ethnographic discourse, however, this same
area is more often associated with Dziikija, a cultural—
geographical region institutionalised during the Soviet
period [69]. Its borders were largely drawn to coincide
with those of the former Vilnius region [8]. Historically,
however, the area extended beyond present-day Lithu-
ania to include parts of what are now Belarus and Poland.
The prominent “peninsula” of Lithuanian territory, which
Belarus nearly encircles, is a distinctive feature of this
landscape.

The studied settlements were predominantly rural and
dispersed, with a relatively low population density. Prox-
imity to Vilnius, the capital of Lithuania, added another
layer of socio-ecological complexity to the study area.
In the nineteenth century, Vilnius was a major centre

Fig. 1 Characteristic views of the study site, illustrating ecological and cultural conditions (from left to right): coniferous forest, rural road through fields,
traditional homestead with cattle, vernacular cottage garden, roadside cross as a long-standing Roman-Catholic tradition of sacral markers in the coun-
tryside, and mural in a local Polish-language school (“Przez oswiate do wolnoscii szczescia” ["Through education to freedom and happiness"]). Photo credits:

JP,2018-2019
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for medicinal plant harvesting and the wholesale trade
[30, 44]. The study region thus lies at a liminal interface
between state-driven modernisation and enduring local
traditions [61]. In the 1980s, many residents worked or
studied in Vilnius during the week but returned to the
villages on weekends and holidays. This rural-urban
mobility pattern sustained local ecological practices
and supported the preservation of LEK despite growing
socioeconomic entanglement with the metropolitan core.
The region has long been characterised by the coexis-
tence of multiple ethnic groups, languages, and cultural
traditions, including Lithuanian, Polish, Belarusian, Jew-
ish, Romani, Tatar, and Russian, among others. Although
different ethnic groups may rely on overlapping epistemic
principles, their long-term coexistence in the region has
contributed to plural, historically layered practices and
interpretations of human—environment relations [20].

Data collection

A total of 67 deep semi-structured interviews were con-
ducted across 21 rural settlements of the Vilnius region
between July 2018 and September 2019. Sampling tar-
geted the two most represented ethnic groups in the
area: Lithuanians (LT) and Poles (PL), using convenience
sampling supplemented by snowball sampling where
possible.

The gender distribution was skewed in favour of
women (50 women, 17 men). It reflects common demo-
graphic trends in many post-Soviet societies [71], where
male life expectancy remains significantly lower than that
of females. Study participants ranged in age from 39 to
97 years. The mean age was about 69 years (65 years for
LT (n=30) and 71 years for PL (n=37)).

The majority of interviewees (49 out of 67) spoke two
or more languages, indicating that multilingualism was a
common characteristic among them. The average num-
ber of languages reported by interviewees was 2, with LT
showing greater linguistic diversity (mean=3) than PL
(mean=2). Five LT and two PL interviewees stated that
they were proficient in four languages. Common lan-
guage combinations included Lithuanian (with regional
forms such as dzukiskai), Belarusian (with phrases like
“po prostu” [simply], “po swojemu” [in one’s own way],
and “pa tutejszamu” [in the local way]), and Russian
among LT, as well as Polish and Russian among PL.

In terms of educational level, the largest group had
completed post-secondary non-tertiary (n =25), followed
by those with primary (n=19), upper secondary (n=12),
and lower secondary (n=10). Only one interviewee
reported an equivalent tertiary education level. All inter-
viewees identified themselves as Roman Catholics.

We conducted interviews in the language(s) preferred
by the participants. The first and fourth authors’ com-
petencies made this multilingual approach possible,
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encouraging more complete responses and an open
exchange of knowledge and experiences. In most cases,
interviewees naturally switched between languages to
choose the one that best suited their needs, particularly
when discussing local and scientific plant names as well
as local, formal, and popular uses. The interviews were
transcribed with linguistic nuances, ensuring that all
culturally embedded elements of speech were accurately
captured for further interpretation and analysis.

Interviewees were asked to name and describe the plant
species they currently or previously foraged or cultivated
for medicinal purposes, the ailments treated with these
plants, and the corresponding methods of preparation.
In addition, information was collected on the sources
of medicinal plant knowledge and on whether plant use
referred to past or present practices. When possible, we
gathered plants together with interviewees to collect and
identify voucher specimens. Most interviewees noted
they only knew plants by their local names, not their sci-
entific or common names. In some cases, interviewees
could not recall plant names but provided descriptions
or pointed to them, allowing reliable identification. Col-
lected specimens and dried samples are housed at the
Herbarium of Ca’ Foscari University of Venice in Italy
(DZULT01-DZULT137; DDZULT01-DDZULT42).
Plant identification was carried out using the Plants of
the World Online database [52] and Flora Europaea [70],
with family classification following [64].

Data analysis

The data were compiled and categorised according to the
medicinal uses of plants. We structured the emic catego-
ries into Detailed Use Reports (DUR), each documenting
the medicinal use, plant part, preparation method, the
Latin and local names, time of use, knowledge origin, and
codes for the interviewee’s region and ethnic group.

To evaluate the degree of similarity in medicinal plant
knowledge between compared ethnic groups, we calcu-
lated the Jaccard Index (J/I) following Gonzilez-Tejero
et al. [22], based on the presence/absence of reported
plant uses. The index was computed using the for-

mula JI = ﬁ, where « is the total number of plant
¥

uses reported by LT, B is the total number of plant uses
reported by PL, and y is the number of plant uses shared
by both groups.

Knowledge origin categories were developed induc-
tively from interviewee narratives and divided into three
domains: local (A), formal (B), and popular (C). Within
each domain, several subcategories captured specific
pathways of knowledge transmission (e.g., intergenera-
tional oral transfer, formal education, social media). The
coding scheme is outlined in Table 1.
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The degree of hybridisation (HD) is defined as the
proportion of use reports that draw on more than one
knowledge-origin domain (AB, AC, BC, or ABC) relative
to the total number of use reports. For each plant species
and ethnic group, HD was calculated as:

D — Number of hybrid use reports

(1)

Total number of usereports

To enable cross-ethnic comparison of hybridisation pat-
terns, this metric was calculated separately for LT and
PL. HD =1 corresponds to full hybrid knowledge of plant
uses, while HD =0 indicates a singular and consistent
source.

Each DUR was associated with a binary code: 0 for
non-hybrid (citing exactly one knowledge origin: A, B,
or C) and 1 for hybrid (citing>2 origins: AB, AC, BC, or
ABC). We also calculated the internal degree of hybrid-
isation within each general knowledge origin (A, B, or
C), defined as the proportion of use reports that included
multiple subcategories (e.g., Al, A3, and A4). These were
coded analogously (1=internally hybrid, O=internally
non-hybrid), and the proportion was computed using
the definition of HD in Eq. 1. A plant is considered fully
hybridised (ABC) only when supported by at least two
DUR for that taxon explicitly combining all three knowl-
edge domains.

To assess the diversity of knowledge origins within
and between studied ethnic groups, per taxon or medici-
nal use, we computed the Shannon-Wiener diversity
index (H') over distinct origin categories [46]:

Hr = =%7_piln (pi) (2)

where S is the total number of different origin categories
(e.g., knowledge origin types), p; is the proportion of the
total number of medicinal uses in the i-th category, and
In denotes the natural logarithm. This index enabled us to
assess the heterogeneity of knowledge systems by captur-
ing the richness and distribution of knowledge across ori-
gin types within and between the sampled ethnic groups.
We used Spearman’s rank correlation coefficient to assess
whether sociodemographic variables (age, gender, educa-
tion, the number of languages spoken) were associated
with the degree of hybridisation. This helped us to iden-
tify patterns and potential drivers behind the emergence
and distribution of hybrid knowledge systems in the
study region. The group differences were assessed using
Student’s t-test (robustness confirmed with Wilcoxon
rank-sum tests).

All statistical analyses and visualisations were con-
ducted using R v. 4.5.0 [59] and PAST 5 [27].
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Results

Medicinal plant knowledge diversity

We recorded 139 taxa belonging to 58 botanical families
used for healing and prophylactic purposes (Table 2). The
most represented were Asteraceae (21), Rosaceae (16),
Lamiaceae (11), Ericaceae (7), Apiaceae (6), and Poaceae
(5). Of these, 118 taxa were documented among the LT
and 89 among the PL interviewees. Ultimately, 68 plant
species (49%) were common to both ethnic groups. In
total, 1446 DUR were collected.

The amount of reported medicinal plant uses differed
significantly between the studied ethnic groups. LT inter-
viewees named a higher number of DUR (mean *stan-
dard deviation (SD)=28.0+21.4) than PL interviewees
(16.4+16.0); Students t=2.458, p=0.017, n=67. This
finding indicates a broader repertoire of medicinal appli-
cations among LT. These quantitative differences are fur-
ther contextualised by cross-ethnic patterns of overlap
(Fig. 2), which illustrate the Jaccard indices and propor-
tional Venn diagrams of medicinal taxa cited by LT and
PL interviewees, including those mentioned by at least
three people.

Approximately 80% of reported uses involved wild
plants, while cultivated species constituted approxi-
mately 18%. The LT group mentioned a higher number of
taxa overall in both the wild and cultivated categories. In
both groups, wild resources were used more extensively
for healing and prophylactic purposes than cultivated
ones.

The most frequently mentioned taxa used among all
interviewees included Artemisia absinthium (87 DUR),
Rubus idaeus (79), Matricaria chamomilla (67), Calen-
dula officinalis (57), Achillea millefolium (52), and Tilia
cordata (47), with examples of use shown in Fig. 3. LT
most frequently cited Artemisia absinthium (49 DUR),
Rubus idaeus (37), Matricaria chamomilla (36), Calen-
dula officinalis (34), Achillea millefolium (31), Tilia cor-
data (26), Betula spp. (24), and Carum carvi (21). Among
PL were recorded as mostly cited: Rubus idaeus (42),
Artemisia absinthium (38), Matricaria chamomilla (31),
Vaccinium myrtillus (28), Calendula officinalis (23), Aloe
(22), Achillea millefolium (21) and Tilia cordata (21).

A comparison of the taxa mentioned by interview-
ees revealed a statistically significant gender difference
(Spearman’s p=-0.295, p=0.015). Compared to male
interviewees (9.9 +7.1), female interviewees reported sig-
nificantly more taxa on average (mean+SD=14.9+9.7).
Other variables, however, did not exhibit any correla-
tions. Our analyses indicated no significant relationship
between age and medicinal plant knowledge (Spearman’s
p=-0.112, p=0.368) or between multilingualism and
such knowledge (Spearman’s p=0.170, p=0.168). Edu-
cational level was also non-significant for the number of
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Table 2 (continued)

Medicinal use DUR

Preparation

Used part(s)

Local name(s)

Latin name;

Family

LT PL

voucher number

hypertension

hypertension

syrup

varicose veins
healthy

hypertension
vitamin source
diaper rash
cancer

diaper rash
for heart

for everything

decoction, bath

tea
tea

aerial parts

LT: laukiniai broliukai, sirdininkai

Viola tricolor L.

Violaceae
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taxa cited, as it was essentially the same across different
schooling levels (Spearman’s p=-0.018, p = 0.885).

Marked differences appeared between LT and PL in
several medicinal categories, especially digestive and
general/unspecified. LT reported more taxa for general/
unspecified uses (55 vs 44) and more digestive remedies
(30 vs 24). By contrast, musculoskeletal, neurological,
urological, and cardiovascular conditions showed similar
proportions in both groups. As shown in Fig. 4 (lighter
yellow-green shades), etic categories such as ear, eye, and
reproductive health (including pregnancy, childbirth, and
family planning) contained the fewest taxa. The greater
diversity of plants used for general health in LT suggests
a broader application of herbal medicine, whereas PL dis-
played a more balanced spread across categories.

In total, 135 emic categories of medicinal use were doc-
umented (PL: 87; LT: 115), while 27 categories that were
reported historically are no longer in use. Many of them
referred to illnesses remembered by older generations,
such as smallpox, diphtheria, scrofula (“gland disease”),
jaundice, dysentery, rickets, and worm infections, among
others. During the second half of the twentieth century,
vaccination and public health measures led to the decline
or near disappearance of specific disease categories. As
certain diseases faded from everyday discourse, the plant
remedies once used to treat them also declined in local
practice. Some ailments, including rheumatism, arthri-
tis, hypertension, anaemia, or diabetes, among others,
remained relevant but were reframed over time. In the
case of anaemia, traditionally it was described as “weak
blood’, whereas nowadays it is mostly framed by the
biomedical definitions circulated in clinics and health
literature.

Knowledge hybridisation patterns
Although the dataset is firmly grounded in LEK (A), the
most frequent hybrid knowledge combinations were AC
(local + popular, n=64), BC (formal+popular, n=52),
and ABC (local + formal + popular, n=31) (Fig. 5a). In
contrast, formal-only uses occurred in 38 cases and
popular-only in 24. The LT group engaged far more with
hybridised knowledge, citing 56 cases compared to 22
in the PL group (Fig. 5b). In PL, ABC-type hybridisation
was very low, occurring in only two species (Vaccinium
myrtillus and Aloe spp.), whereas in LT, 29 plant species
were fully hybridised. This pattern reinforces earlier find-
ings that PL knowledge and practices are less epistemi-
cally hybridised. By contrast, 29 fully hybridised species
were recorded in the LT community, indicating greater
institutional embedding and more active interactions
with both the formal and popular knowledge systems.
Some taxa, such as Hippophae rhamnoides, displayed
diverging trajectories in terms of knowledge hybridisa-
tion. It was fully hybridised in the LT community, but it
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LT PL LT PL
(118)  (89) / -/-\
LT 68 / / \
{ [ \
(118) 0.4892 | s | e | 21 |

PL 68
(89) 0.4892

0 Jaccard index - 1

E¥ PL
(71) (56)
LT 46
(71) 0.5679
PL 46
(56) 0.5679

0 Jaccard index -1

Fig. 2 Cross-ethnic comparison. a) Jaccard index with a proportional Venn diagram for all the medicinal plant taxa reported among the LT and PL com-
munities; illustrative photograph of Brassica oleracea in use; b) the Jaccard index and a proportional Venn diagram of medicinal taxa mentioned by at least
three interviewees, illustrative photograph of Aloe spp. in a domestic setting. Photo credits: JP, 2018-2019

Fig. 3 Medicinal uses of wild plants documented during fieldwork, illustrating different use categories and preparation states: a) freshly foraged leaves
of Tussilago farfara (LT); b) demonstration of the medicinal use of Chelidonium majus (PL); ¢) powdered spores of Lycopodium clavatum (LT); d) dried
buds of Pinus sylvestris (PL); e) dried aerial parts of Matricaria chamomilla (LT); f) foraging of Achillea millefolium (LT); g) dried aerial parts of Rhododendron
tomentosum (LT); h) dried inflorescences of Helichrysum arenarium (PL); i) dried aerial parts of Gymnocarpium dryopteris (PL). Photo credits: JP, 2018-2019
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blood, blood forming organs and immune mechanism
cardiovascular

culture-bound

digestive

ear

endocrine/ metabolic and nutritional
eye

female genital

general and unspecified

male genital

musculoskeletal

neurological

pregnancy, childbearing, family planning
psychological

respiratory

skin

urological
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Fig. 4 Comparison of medicinal plant use across ICPC-2 categories among LT and PL ethnic groups. The colour scale ranges from yellow (low values) to
dark purple (high values), indicating the relative number of plant taxa used in each category

was not included in the hybrid categories for PL. By con-
trast, Acorus calamus remained non-hybrid, restricted
specifically to LEK. Additionally, for Cucumis sativus,
Daucus carota, or Euphrasia officinalis, for example, LT
interviewees reported hybridised uses drawing on mul-
tiple knowledge sources, while PL interviewees reported
only single-source uses.

The results point out contrasts between LT and PL in
terms of how knowledge is hybridised and the range of
sources drawn upon for medicinal plant uses. The Shan-
non—Wiener diversity index (H') was 0.97 for LT and 0.52
for PL, indicating greater epistemic diversity among LT
interviewees. Moreover, when considering the degree of
hybridisation across general knowledge origins domains,
the LT community showed a markedly higher degree of
hybridisation (HD=0.195) compared to PL (HD =0.059).
We found a statistically significant difference in the
degree of hybridisation between the LT and PL groups,
indicating that the knowledge systems differ meaning-
fully (Student’s £=3.450, p=0.002, n=67). This sug-
gests that, despite a shared plant repertoire, patterns of
knowledge integration differed. PL showed more internal
hybridisation (0.266) than LT (0.106).

A closer look at the plant level reveals more nuanced
differences between LT and PL communities. As shown
in Fig. 6, among the LT, several culturally and medicinally
versatile species (including Cucumis sativus, Daucus
carota, Equisetum arvense, Euphrasia officinalis, Hip-
pophae rhamnoides, Malva neglecta, Mentha x piperita,
Primula veris, and Stellaria media) attained full hybridi-
sation (HD=1). This suggests that knowledge about
these plants is maintained simultaneously through local

practice, scientific reference, and popular culture. By
contrast, only two taxa, Polygonum aviculare and Silene
vulgaris, achieved this score in the PL sample, reflecting
a narrower set of plants for which knowledge circulates
across all three epistemic spheres.

More specifically, when subcategories are considered,
the dominant bases are Al (intergenerational; 533 DUR)
and A4 (ancestral; 223). Notable internal A-combinations
include Al+A3 (intergenerational +oblique; 89), A2
(horizontal local transfer; 64), and Al + A4 (intergenera-
tional + ancestral; 53). Among cross-source hybrids, the
most common are B1 + C1 (formal publications + popular
media; 32), A1+B1 (intergenerational + formal publica-
tions; 22), A1+ C1 (intergenerational + newspapers/mag-
azines; 20), and A1+B1+Cl1 (intergenerational + formal
publications + newspapers/magazines; 20). However, this
pattern differs between groups. PL relied comparatively
more on combinations linked to formal and professional
channels, especially B1 + B2 (formal publications + health
professionals; 10) and A3 +B2 (oblique + health profes-
sionals; 9). Their profile is thus dominated by local and
community-based continuity, with cross-source hybrids
occurring only rarely. By contrast, LT demonstrated
broader hybridisation, including a higher share of fully
integrated ABC cases (LT =29 vs. PL=2). LT knowledge
patterns also reveal multiple cross-source combinations,
for instance, B1+C1 (formal publications + newspapers/
magazines; 24), Al+B1 (intergenerational + formal pub-
lications; 22), A1+C1 (intergenerational + newspapers/
magazines; 17), Al1+B1+Cl (intergenerational + for-
mal publications + newspapers/magazines; 19), and
B1+B4+C1+C3 (formal publications +digital medical
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Fig. 5 Distribution of medicinal plant taxa across knowledge origin categories: a) Relative frequency of categories in the whole dataset (A — local, B —
formal, C — popular, AB — local and formal, AC - local and popular, ABC - local, formal, and popular); b) Comparison of category proportions between
Lithuanian (blue) and Polish (orange) interviewees; ¢) Taxa associated with different knowledge categories among Lithuanians; d) Taxa associated with

different knowledge categories among Poles

resources + newspapers/magazines + social media and
popular websites; 15), as shown in Fig. 7.

Patterns of hybridisation differed across the emic
categories of medicinal plant use, including both dis-
ease-related and preventive/functional domains. High
knowledge diversity and integration were observed in
vitamin supplementation (H'=0.64, HD=1.00), body
cleansing (H'=1.08, HD =0.75), bone adhesion (H'=1.05,
HD=0.60), blood quality improvement (H'=1.33,
HD=0.50), and urinary bladder diseases (H'=1.03,
HD=0.50). In contrast, there was little recorded vari-
ety and almost no hybridisation in abscesses, diarrhoea,
culture-bound syndromes (such as fright or the evil eye),
and eye conditions.

Interviewees who mentioned a greater number of
plant taxa tended to show higher levels of knowledge

hybridisation, as confirmed by a significant Spearman

correlation (p=0.652, p<0.001). Specifically, LT partici-
pants cited more taxa (mean+SD=28+21.6) than PL
(16.38+15.9). The difference was statistically significant
(Student’s £=2.455, p=0.017, n=67). Robustness was
confirmed with a Wilcoxon rank-sum test (p <0.05). This
suggests that both the diversity and hybridity of plant
knowledge studied in the borderland area are more pro-
nounced in the LT group.

Sociodemographic correlates of medicinal plant
knowledge hybridisation

A significant negative correlation was observed between
hybridisation and the age of interviewees (Spearman’s
p=-0.38, p=0.001), indicating that younger interviewees
tend to have higher degrees of hybridisation in medicinal
use. In contrast, gender showed no significant associa-
tion with hybridisation (Spearman’s p=-0.17, p=0.185).
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@ Lithuanians @ Poles

Achillea millefolium
Alchemilla vulgaris
Allium cepa

Aloe

Anethum graveolens
Arctium tomentosum
Artemisia absinthium
Beta vulgaris

Betula

Bidens tripartita
Calendula officinalis
Calluna vulgaris
Capsella bursa-pastoris
Carum carvi
Chelidonium majus
Cucumis sativus
Cyanus segetum
Daucus carota
Elymus repens
Equisetum arvense
Euphrasia officinalis
Filipendula ulmaria
Fragaria vesca
Hippophae rhamnoides
Hypericum
Juniperus communis
Lamium album
Leonurus cardiaca
Malva neglecta
Matricaria chamomilla
Melissa officinalis
Mentha

Mentha x piperita
Paeonia
Petroselinum crispum
Pinus sylvestris
Plantago major
Polygonum aviculare
Primula veris
Quercus robur

Ribes nigrum

Rubus idaeus

Salix

Salvia officinalis
Silene vulgaris
Solanum tuberosum
Sorbus aucuparia
Stellaria media
Symphytum officinale
Syringa vulgaris
Taraxacum officinale
Thymus serpyllum
Tilia cordata
Trifolium

Tussilago farfara
Urtica dioica
Vaccinium myrtillus
Vaccinium oxycoccos
Vaccinium vitis-idaea
Viburnum opulus

Latin name

0.3
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0.6

0.7

0.8

0.9

Page 38 of 44

Fig. 6 Cross-ethnic comparison of hybridisation patterns in medicinal plant taxa between the Lithuanian (blue) and Polish (orange) communities. HD
(Degree of Hybridisation) quantifies the proportion of use reports combining multiple knowledge sources and ranges from 0 (all use reports derived from

single knowledge origin) to 1 (all use reports classified as hybrid)
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Fig. 7 Cross-source hybridisation patterns of medicinal plant knowledge among Lithuanians and Poles. The size of the nodes corresponds to the rela-
tive importance of knowledge combinations of subcategories, while the thickness of the connecting lines is proportional to the number of detailed use

reports (DUR)

Similarly, although a higher educational level was weakly
associated with increased hybridisation (Spearman’s
p=0.23, p=0.199), this relationship was not statistically
significant.

Although the correlation between the number of spo-
ken languages and the degree of knowledge hybridisation
was weak (Spearman’s p=0.23), it did not reach statis-
tical significance (p=0.060). Still, the direction of the
association suggests a potential trend worth exploring.
This indicates that multilingual individuals may be more
likely to access and integrate diverse knowledge domains,
although this trend does not reach formal significance in
our sample.

Discussion

Our sample generally shows low levels of hybridisation,
suggesting that the LT and PL communities along the
Belarusian border continue to rely primarily on their
local ecological traditions. Nearly 40% of the reported
plant-based remedies came from Al-type (intergenera-
tional) sources. In practice, this meant that people most
often learnt about plants from their parents or grandpar-
ents, underscoring the vital role of kinship in the trans-
mission and translation of ethnomedicinal knowledge.
Earlier studies have shown that vertical transmission is
key to preserving continuity in plant use [40, 47]. At the
borderland site, our interviewees reported that knowl-
edge of medicinal plants continues to circulate within

families and village networks during everyday conversa-
tions. One reason for this persistence lies in the social
dynamics of learning. Bond & Gaoue [6] found that pres-
tige and homophily significantly predict the structure
of social learning networks related to medicinal plant
knowledge. That is, individuals tend to learn from those
they perceive as similar (e.g., individuals of the same age,
gender, or social background) or prestigious, for example,
respected elders or educated individuals.

In both the LT and PL groups, ancestral/historical
transmission (A4) ranked second among the origins of
knowledge. Many described their plant lore as self-evi-
dent: “what has always been there] handed down from
one generation to the next. Earlier studies on the medici-
nal use of fungi in the region reached similar conclusions,
demonstrating that people view such knowledge as a
continuous tradition over time [57]. Such findings point
to a dominance of relational worldview: knowledge is not
seen as something new but as something carried forward,
sustained through trust in local community traditions.

Even with greater hybridisation, grandparents, neigh-
bours, and elders remained important teachers, demon-
strating the enduring strength of oblique transmissions.
Such practices reveal the resilience of local knowledge
systems and their capacity to coexist with, or resist, global
knowledge systems, echoing observations by Vandebroek
and Balick [72]. Horizontal (A2) and oblique forms of
learning (A3), which involve multiple transmitters and
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Fig. 8 Interview with Lithuanian herbalist, Elena Targaviciene: her traditional homestead surrounded by a flower garden (top left); framed certificates and
photographs testifying to her public recognition (middle left), including an official state award; devotional images and bunches of dried herbs hanging in
her home (middle left, lower); and dried mixtures of medicinal plants stored in large quantities (bottom left). Photo credits: JP, 2018

non-parental figures, help maintain coherence within
communities while also facilitating adaptation and cul-
tural change [60]. From this perspective, hybridisation
can be seen less as a rupture than as a reframing process,
since continuity itself provides the basis for renewal and
invention.

In the LT case, by contrast, herbal specialists (A3)
appear more strongly as mediators of cross-source
knowledge, complementing the broader set of hybrids
based on Al (intergenerational). The role of herbal spe-
cialists was exemplified by Elena Targavi¢iené (Fig. 8),
a widely respected herbalist in the examined area. We
had the possibility to interview her not long before she
passed away. When we returned the following year, her
daughter welcomed us and continued the conversation,
clarifying several moments on plant use. This sequence
illustrates the moment of generational transition: while
Targaviciené embodied oblique transmission as a com-
munity expert, her daughter represents vertical transmis-
sion, preserving memory and ethnobotanical practices.
Taken together, these encounters demonstrate that the
specialist’s authority did not end with her life but per-
sisted in her daughters’ memories and within local com-
munity, which continues to recall her as a leading expert
in plant knowledge with high-level expertise dating back
to pre-WWII times. These findings highlight the continu-
ing importance of oblique transmission, where (local)
expertise outside the family line actively reshapes mod-
ern plant knowledge [37].

Popular knowledge (C) was rarely mentioned as an
independent source, whether in the form of herb col-
umns in newspapers, calendars or advice shared on social

media. Interviewees often tied popular sources to what
they already knew from family or formal channels: “We
saw it in the calendar, but we already did this at home”
(Polish, female, 45 years old), or “Facebook only repeats
what my grandmother used to say” (Lithuanian, female,
52 years old). Badke et al. [3] observed a similar pattern:
plants that have already received formal validation typi-
cally receive the most discussion in local newspapers and
magazines. A comparable process was observed in the
re-narrativisation of Epilobium angustifolium in Eastern
Europe, where media outlets, newspapers, magazines,
and later online platforms amplified rather than origi-
nated medicinal narratives [53]. In that case, traditional
motifs were blended with selectively cited scientific find-
ings, and their active circulation through social media
helped shape the plant’s modern valuation.

In our dataset, formal knowledge (B) was comparatively
marginal and rarely cited as a single source. When it first
appeared, it was frequently combined with LEK (e.g.,
Al1+B1 intergenerational + formal publications), sug-
gesting that integration occurs primarily through infor-
mal, practice-based hybridisation rather than the formal
replacement or displacement of community knowledge.
These patterns align with Tengo et al’s [68] multiple-
evidence-based approach, which emphasises dialogic
involvement as a step towards co-production rather than
hierarchy across knowledge systems.

Participants in our interviews sometimes expressed a
need to discover scientific confirmation for the LEK they
possess, vigorously combing the knowledge from aca-
demic publications to verify or support long-standing
community practices. This behaviour pattern exemplifies
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bottom-up epistemic negotiation, where local knowledge
holders seek convergence with academic science, not out
of deference but in acknowledgement of its legitimate
function [29]. Our findings echo Ziman & Ziman’s [79]
observation: people often mentioned a doctor’s advice, a
pharmacy leaflet, or a medicinal book not as something
new, but as confirmation of remedies they already used
and trusted. Our data extend the argument made by
Frazdo-Moreira et al. [18] that written texts are them-
selves a vehicle of LEK. This highlights the inherently
hybrid nature of contemporary ethnobotanical knowl-
edge systems.

Health professionals (B2) (doctors, nurses, and local
pharmacists) were often described as reliable sources
of knowledge about medicinal plants. Yet their author-
ity was not presented as purely formal; it was embedded
in relationships and everyday practice. Several people
explained that they first heard a recommendation from
a doctor or pharmacist and then added, with a kind of
reassurance, that the same remedy was “also known in
our village” or “something we have always done”. This lay-
ering creates what we might call reverse legitimisation:
biomedical voices end up validating long-standing com-
munity knowledge rather than replacing it [77]. Biomedi-
cal authority is selectively incorporated more into local
knowledge of the PL community. In the PL case, com-
binations such as B1+B2 (formal publications+health
professionals) and A3+ B2 (oblique + health profession-
als) indicate that biomedical practitioners and non-kin
experts remain important transmitters, even if overall
hybridisation is less pronounced. Instead of challenging
LEK, health professionals seemed to reinforce it, offer-
ing a subtle endorsement that allowed hybrid systems to
remain continuous while also adapting.

We found that hybridisation is a selective process, pri-
marily occurring in relation to plant species with dis-
puted or complex medicinal applications, rather than
representing a universal trait of medicinal plant knowl-
edge. Accordingly, hybridity should not be viewed as
inherently positive or negative; rather, its effects are con-
text-dependent: while local knowledge can be displaced
and marginalised through formal and popular knowl-
edge in processes of “epistemic homogenisation” [49],
our findings also show how local knowledge can become
legitimised and potentially safeguarded through pro-
cesses of hybridisation.

The highest levels of hybridisation were found in areas
such as blood coagulation, diabetes, and anaemia, as
well as in the few cancer-related uses reported, where
biomedical and local explanatory models sometimes
converged. Emic categories, such as vitamin supplemen-
tation and detoxification, are relatively new health nar-
ratives that have been widely disseminated by formal
and popular sources [43] and are becoming increasingly
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integrated into LEK through formal health channels
and media exposure. By contrast, conditions rooted in
culture, such as fear, the evil eye, or weightlifting inju-
ries, were addressed almost exclusively within the LEK
domain, with only rare points of contact with other sys-
tems. Interviewees sometimes combined traditional
and biomedical framing within the same person’s reper-
toire. In one interview, a 44-year-old Lithuanian woman
described Artemisia vulgaris as a plant that “warms the
belly’, while also noting that it “supports the gastrointesti-
nal system through antispasmodic effects’.

Pieroni et al. [51] reported that during the COVID-19
pandemic in the Vilnius region, media narratives and
biomedical discourse amplified the traditional use of
medicinal plants for immune support, respiratory health,
and overall well-being. In such critical moments, popular
and academic perspectives did not displace LEK. Instead,
they reframed and reinforced it, creating new domains
for hybrid health practices.

Our analysis revealed a positive association between
the number of medicinal plant taxa reported by inter-
viewees and the degree of knowledge hybridisation.
Interviewees with broader botanical repertoires are more
likely to expand, support or update their knowledges
through new inputs. This co-occurrence reflects a form
of resilience through diversification frameworks [15]. In
parallel to ecosystems where multiple species contrib-
ute to the same function with varying responses to dis-
turbance, our data suggest that individuals drawing on
diverse medicinal plant taxa and multiple knowledge
sources embody a biocultural form of response diversity:
diversified knowledge portfolios may support adaptive
capacity under change. On the plant level, the likelihood
of knowledge hybridisation appears to be linked to both
the therapeutic domain and the circulation of knowledge.
Taxa associated with biomedical discourse and supple-
mentation (e.g., Symphytum officinale, Thymus serpyl-
lum, Matricaria chamomilla) were frequently hybridised,
while plants tied to culturally specific or marginal uses
(e.g., Acorus calamus, Tilia cordata) remained within
LEK. Widely cultivated or commonly encountered in
daily life, these plants (e.g., Cucumis sativus, Daucus
carota, or Aloe spp.) tend to attract knowledge through
multiple channels, reflecting their everyday accessibility.
These patterns underscore how therapeutic relevance,
visibility, and institutional embedding influence the
degree of hybridisation among groups.

According to our findings, age also significantly influ-
ences the degree of hybridisation, even though earlier
ethnobotanical research has demonstrated that elders
have a more comprehensive and varied understanding of
medicinal plants and rely on traditional health care more
often than younger people [4, 65]. Younger interviewees
demonstrated greater levels of integration with digital
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media discourses, whereas older interviewees generally
retained medicinal plant knowledge based on histori-
cal and intergenerational transmission. Our results also
support previous findings that the increasing influence
of digital media on how people perceive and use herbal
remedies is evident nowadays [1]. This suggests that age
predicts both relative epistemic flexibility and receptive-
ness to hybrid knowledge forms, as well as the depth of
knowledge within LEK.

Multilingual participants from both ethnic groups
explained that they rely on formal and popular sources
available in the different languages they use. Mono-
lingual speakers, by contrast, tended to pass remedies
only within their families. This difference is particularly
noticeable in the borderlands, where plant names, reci-
pes, and advice circulate in several languages simulta-
neously [2]. In such environments, language serves as
more than just a means of communication, it can either
unlock or block access to knowledge [14]. In our case,
local knowledge has historically circulated in overlapping
Lithuanian, Polish, Belarusian, and Russian registers, giv-
ing multilinguals a broader repertoire of sources. Earlier
work has shown that when people use more than one
language, they are forming their ethnobotanical practices
from different traditions. It, in turn, enriches the diversity
of plants they keep in use within their local communities
[34].

These patterns suggest that hybridisation operates not
merely as a measure of what is known but as a reflection
of how individuals are situated to access, interpret, and
integrate diverse epistemic traditions. While minimal
hybridisation implies the strength of intergenerational
transmission and the integrity of locally rooted knowl-
edge systems, higher degrees of hybridisation suggest
adaptability, openness, and epistemic flexibility within
the community.

Combining knowledge too quickly or without a foun-
dation in lived practice puts it at risk of losing coherence
and reliability. It also comes with a risk of marginalising
local knowledge, especially in the younger generation
who are increasingly immersed in a rapidly digitalis-
ing world. Yet when hybridisation grows out of dialogue
and everyday practice, it can add diversity without eras-
ing what makes local traditions specific. From this per-
spective, knowledge hybridisation is not an event with
uniform effects on local knowledge but rather a process
shaped in diverse ways by culture, community values,
and broader socio-ecological conditions.

Conclusions

Our results underline the need for sociocultural position-
ing and historical exposure to institutional frameworks,
such as the language of education and written sources,
in shaping the content and diversity of hybrid knowledge

(2026) 22:14

Page 42 of 44

systems within culturally adjacent yet separate commu-
nities. Taken together, our findings show that the con-
sequences of knowledge hybridisation are ambivalent
and context-dependent, requiring conscious, situated
approaches rather than generic promotion.

The study highlights that, especially in light of envi-
ronmental and sociopolitical changes, hybridity in LEK
cannot be understood as intrinsically beneficial or detri-
mental. Rather, its effects are contextually shaped: on the
one hand, formal and popular knowledge can displace
local knowledge, marginalising or eroding community
practices; on the other hand, they may also safeguard
or revitalise it, for instance, when local knowledge is
legitimised through formal science or amplified through
digital media. Conscious approaches to hybridity, there-
fore, require attentiveness to both opportunities (e.g.,
safeguarding or revitalising local knowledge) and risks
(e.g., displacement, marginalisation, or the erosion of
autonomy).

Our findings suggest that hybrid systems draw on a
wider range of plant knowledge sources and medici-
nal uses, lending credence to the view that knowledge
hybridity might be favourably linked with ethnobotani-
cal diversity. Hybridisation, therefore, appears as both a
cultural and cognitive tool that enables people to expand
and modify their foundational knowledge of medicinal
plants.

From the perspective of its origins, contemporary
medicinal plant knowledge emerges as fluid, continually
reshaping what is learnt at home, transmitted through
formal channels, and circulated via popular media. It
is not a static inheritance but a living practice, dynami-
cally maintained through continual acts of integration
and adaptation. We foresee that a more comprehensive
understanding of the dynamics and complexity of hybrid
knowledge systems will support the creation of inclusive,
flexible, and resilient biocultural frameworks for conser-
vation and transformative change.
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