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Broad consensus aﬃrms the need to better understand the status and trends of biodiversity and the important
role that local ecological knowledge (LEK) plays in establishing successful monitoring programs. Although often
present, autonomous local monitoring systems are frequently ignored by externally-driven community-based or
participatory conservation projects. Here we explore the autonomous LEK-led monitoring carried out by local
medicinal plant harvesters to guide the management and harvesting of six locally useful medicinal plant species
in Prespa National Park, Albania. Open and semi-structured interviews with harvesters (n = 22), National Park
staﬀ (n = 2) and scientiﬁc advisors (n = 2) were combined with participatory mapping, joint plot assessments
with key informants and a science-led ecological plot survey. Results suggest that harvesters possessed detailed
LEK and adopted a variety of socio-economic, management, ecological and environmental indicators to assess
wild resources and inform their harvest practices. LEK- and science-led plot assessments generally agreed on
most monitoring aspects, suggesting that LEK indicators were relevant and LEK-based perceptions were accurate
and could be used to assess the status and trends of useful species. However, while LEK focused on the harvestable resource; i.e. certain individuals and plant parts, the science-based approach assessed plant populations
as a whole. Oﬃcial monitoring based on existing LEK-led monitoring appears to be feasible, but LEK may be
more appropriate for monitoring resources for wild harvesting or certiﬁcation purposes than for ‘pure’ conservation monitoring of plant populations.

1. Introduction
Broad international consensus aﬃrms the importance of better understanding status and trends of global biodiversity and its beneﬁts to
people (Díaz et al., 2015). In particular, the global community needs to
obtain more locally-based monitoring information and recognise local
ways of knowing to make management decisions that are relevant to
the local context (Tengö et al., 2014; Turnhout et al., 2012). Communities have their own more or less formal ways to monitor their environmental resources according to local custom, thus directing local
management decisions (e.g. Cinner and Aswani, 2007; FernándezGiménez and Estaque, 2012; Sheil et al., 2015; Turreira-García et al.,
2018). Oﬃcial scientiﬁc monitoring systems should be based as much
as possible on already existing autonomous monitoring wherever present to increase stakeholder participation and sense of ownership by
local resource users, decrease monitoring costs and increase the likelihood that monitoring continues even after external technical assistance and donor funding cease (Danielsen et al., 2014a; Garcia and
Lescuyer, 2008).

⁎

Much research has focused on the diﬀerent forms of communitybased monitoring in which local resource users and community members participate to varying degrees in environmental monitoring
(Danielsen et al., 2009). The basic idea of local monitoring is that the
closeness of users to a resource confers an ability to observe the local
environment in detail and to monitor changes therein over time
(Berkes, 2012). Local resource users have demonstratively observed
changes in plants or animals brought about by biophysical growing
conditions, ecological processes or by their own management practices
(Staddon et al., 2014). The most locally-based forms of monitoring are
those which are carried out without any external input. They have been
termed “autonomous local monitoring” (Danielsen et al., 2009) and are
often part of ‘customary’ or ‘traditional’ systems which draw on locally
speciﬁc knowledge (Berkes and Folke, 2002). Diﬀerent terms have been
used to indicate this environmental knowledge, such as “traditional
ecological knowledge (TEK)” (Berkes, 2012) or “indigenous ecological
knowledge (IEK)” (Spoon, 2014). Here we adopt the term ‘local ecological knowledge’ (LEK) to include knowledge that may be part of a
tradition, but does not exclude more recently developed knowledge or
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2015; Torres-Londoño et al., 2008). Currently, an estimated
60,000–80,0000 medicinal plant harvesters (Ilbert et al., 2016) rely on
medicinal plant harvest for a signiﬁcant part of their household income
(Niedﬁnd, 2003).
In Albania, resource managers generally believe that because resource access remains uncertain, harvesters have low awareness about
sustainability issues, needing to learn about issues of resource ecology,
proper harvesting techniques or quality (Bojadzi et al., 2012; Naka and
Musabelliu, 2004). Given the importance of drawing on LEK and preexisting informal monitoring systems for successful resource monitoring (Garcia and Lescuyer, 2008), here we explore the autonomous
local monitoring carried out by medicinal plant harvesters to guide the
management and harvesting of six locally useful medicinal plant species
in Prespa National Park, Albania. We focused on LEK-based perceptions
of plant population status and trends as well as LEK indicators applied
by harvesters to assess them. The following research questions guided
the process:

knowledge held by non-indigenous groups (Huntington, 2000).
Although often present, autonomous local monitoring systems are
frequently ignored by externally-driven community-based or participatory conservation projects (Staddon et al., 2014). They have rarely
been documented and are generally poorly recognised (Sheil et al.,
2015). This is partly because they are so embedded into everyday life
that they are mostly invisible, informal and diﬃcult to elicit (Garcia
and Lescuyer, 2008), but also because they have often been regarded as
imprecise and qualitative and thus of little value for scientiﬁc monitoring (Moller et al., 2004). However, the lack of precise categorisations in LEK allows for an adaptable and dynamic body of knowledge
and practices which seems more appropriate for facing uncertainty
(Mistry and Berardi, 2016). Research focus has been on the integration
of LEK into the structure of science-based monitoring (Bohensky and
Maru, 2011). This research mainly looked at how locals can contribute
through their data collection skills (i.e. as citizen scientists) or their
environmental knowledge (LEK) by ﬁtting scientiﬁc requirements, rather than at how LEK-based autonomous monitoring works and how
scientiﬁc monitoring can build on LEK in ways relevant to the local
context (Berkes, 2012). Some scholars suggest starting from the LEK
present at local levels and looking for relevant scientiﬁc information
only where necessary to ﬁll in gaps – i.e. not for validation purposes,
but for more options for action (Mistry and Berardi, 2016). Others
maintain that comparing local methods with broadly accepted techniques in terms of accuracy and precision may help in enhancing and
formalising autonomous local monitoring systems (Danielsen et al.,
2005).
Due to the complexity of ecosystems, a combination of indicators is
often chosen to act as proxies for the condition of the whole environment (Dale and Beyeler, 2001). Ecological indicators are quantitative or
qualitative variables of an ecosystem which can be measured and described to monitor changes over time. While science-led monitoring
tends to focus on a small number of quantitative indicators, LEK-led
approaches often observe a large number of qualitative indicators (i.e.
signs and signals) to assess environmental change (Berkes and Berkes,
2009). LEK indicators have been studied, for example, for monitoring
environmental sustainability (Reed et al., 2008), land degradation and
rangeland health (Roba and Oba, 2008), forest ecosystems (Pei et al.,
2009), population trends of animal and plant species (Danielsen et al.,
2014b; Sobral et al., 2017), tree diseases (Rist et al., 2010), tree phenology (Campos et al., 2018), weather and rainfall (Raj, 2006) or
marine animals (Heaslip, 2008). The use of LEK indicators can oﬀer a
local detailed perspective (Fernández-Giménez and Estaque, 2012).
Thus, growing evidence suggests that local communities can participate
in and contribute to monitoring and indicator development (Fraser
et al., 2006; Reed et al., 2006). Considering indicators used in autonomous local monitoring systems may reduce costs, time investment and
the need for external expertise (Sheil, 2001). It may also help in developing ‘good’ indicators, i.e. which are simple, reliable, locally relevant and acceptable to all stakeholders (Tengö et al., 2014; Turnhout
et al., 2007).
Locally-based species monitoring is especially relevant to discussions about sustainable resource management (Fernández-Llamazares
et al., 2016). Unsustainable wild plant collection is considered a major
issue in rural areas of the Balkans, in particular in Albania (Bazina,
2012). Albania underwent a major transition from state-controlled to
market economy after the collapse of the Communist regime in 1991.
Under Communism (1946–1991), Albania isolated itself from the rest of
the world and heavily relied on its natural resources. The well-organised centralised market network for medicinal plants employed about
100,000 people and exported mainly wild collected plants to Germany
and Austria (Naka and Musabelliu, 2004). In the period of socio-economic uncertainty after the collapse, natural resources were exposed to
unregulated harvesting and overgrazing. Wild medicinal plant collection and trade has remained to date an important economic sector
contributing to the herbal markets of Europe and the US (Imami et al.,

- What are local harvesters’ perceptions of the population status and
trends of selected species?
- Which indicators are harvesters’ assessments of plant populations
based on?
- Do LEK-based perceptions match the results of a science-led ecological plot survey?
2. Materials and methods
2.1. Study site
The study was carried out along the shores of Greater Prespa Lake
situated within Prespa National Park (hereafter PNP), located in the
south-east of Albania on the border with Greece and the Republic of
North Macedonia (Fig. 1). As a European hotspot for biodiversity, the
Prespa region is part of the wider Transboundary Reserve of Prespa and
Ohrid Lakes and is home to a variety of species and habitats, many of
which are endemic and of conservation signiﬁcance. The landscape is
characterised by oak, juniper and beech forests along the shores of
Makro Prespa lake (850 m a.s.l.) and alpine meadows on the mountain
massif tops of Mali i Thatë (2,287 m a.s.l.). The climate has Mediterranean and continental traits and is characterised by hot summers
and cold winters.
Due to its complex socio-economic history, this mountainous area
has widely remained unindustrialised and livelihoods are based on
small-scale subsistence agriculture, semi-pastoralist activities, ﬁshing
and wild medicinal plant harvest. The latter had been a major activity
in Prespa during the Communist period (1946–1991), during which
families earned additional cash by selling a large but ﬁxed number of
species to a local cooperative at predetermined prices. The PNP was
established in 1999 with the aim to limit environmental degradation
and promote sustainable use of natural resources (Fremuth et al.,
1999). Sustainable medicinal plant collection for trade purposes under
a special label of the PNP is part of the long-term vision of ecological
development of the area (Fremuth et al., 2014). Harvesting is planned
to be allowed only in “sustainable use” zones after obtaining a permit
and prohibited in “core protection” zones. To guarantee sustainable
wild collection of medicinal plants, the PNP requires scientiﬁc monitoring to be in place, but monitoring capacity is currently insuﬃcient
and wild collection remains uncontrolled (Fremuth et al., 2014). A
comprehensive action plan has recently been elaborated for the transboundary monitoring of Mountain tea (Sideritis raeseri Boiss. & Heldr.),
the regionally most collected medicinal plant (Bojadzi et al., 2012).
2.2. Data collection
Fieldwork was conducted between May and September 2015. A
mixed-method approach was adopted to capture all aspects of the
1065
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Fig. 1. Field site location. Prespa National Park boundary in orange.

plants that way or what “signs and signals” they observed to reach their
conclusion.
We identiﬁed a group of four to eight key informants (38% women,
mean age = 53.8 years, sd = 4.8), representing the currently most active and experienced harvesters for each species, to participate in LEKled joint plot assessments (Cunningham, 2001; Roba and Oba, 2008).
During these, the group of key informants led the scientiﬁc team
(consisting of the ﬁrst author and a ﬁeld assistant) to ‘rare’ and
‘common’ areas for each species. For each species, 20 plots were placed
along random transects (10 in ‘rare’ areas, 10 in ‘common’ areas) and
assessed separately by key informants and scientists. Key informants
were asked to jointly assess plant abundance within the plots and describe site-related indicators, on the basis of which they reached their
conclusion. This gave insights into: a) what narrow-scale plot-speciﬁc
and wider-scale landscape indicators are used by harvesters to assess
plant abundance and trends and adapt their harvest strategy; and b)
which characteristics harvesters considered important to measure for
each species. The same plots were subsequently assessed by scientists
according to ecological plot methods as described below.
In addition to the 20 jointly assessed plots, the scientiﬁc team carried out a more comprehensive plot-based vegetation survey for each
species. This was done to provide a means of comparing results with the
autonomous local monitoring methods and facilitating communication
with PNP staﬀ and scientiﬁc advisors. Plot sampling was based on the
LEK-based distinction of abundance areas. Between 25 and 53 slopecorrected plots per species were placed along random transects, of
which about half were positioned in ‘rare’ areas and the other half in
‘common’ areas. Together with the 20 jointly assessed plots, this resulted in a total of 45 to 73 plots per species (see number of plots per
species in Table 3 and map of plot locations in Fig. 5). In all, the plots
covered 2.81 ha out of 6000 ha of meadows and shrub land existing in
the PNP (Fremuth et al., 2014), of which about half was accessible to
local harvesters. Thus, plots covered approximately 0.09% of the utilised area. An overall survey protocol was designed together with the

autonomous local monitoring system. We conducted repeated open and
semi-structured interviews, participatory resource mapping, and forest
walks with medicinal plant harvesters of the Macedonian ethnic minority inhabiting the PNP. Harvesters (n = 22; 60% women) were between 40 and 70 years old (mean = 51.1, sd = 8.7) and came from six
of the nine villages of the commune of Pustec along Greater Prespa
Lake, as well as all current PNP staﬀ (n = 2) and PNP scientiﬁc advisers
(n = 2). Harvesters were selected among current and past medicinal
plant harvesters based on their expertise and willingness to participate.
Open and semi-structured interviews highlighted the key subsistence
and cultural species, of which six species were selected to cover a range
of characteristics inﬂuencing their vulnerability to unsustainable harvesting and their resulting need for monitoring (Cunningham, 2001)
(Table 1). Voucher specimens were collected and deposited at the
Tirana National Herbarium within the Centre for Flora and Fauna,
hosted by the Faculty of Natural Sciences of the University of Tirana.
Taxonomic identiﬁcation was carried out according to the oﬃcial Flora
of Albania and conﬁrmed by Prof. l. Shuka, a local botanist from the
University of Tirana, expert of the Prespa region. The botanical nomenclature and family assignments followed The Plant List (2013).
Main interview questions related to general species knowledge
(name, use, habitat), species ecology (ﬂowering/fruiting/seeding time,
reproduction, growth), aspects of harvest (plant part, locations, timing,
quantities, prices) and population status and dynamics (abundance,
frequency, population trends, causes of change) (see detailed questions
in Appendix 1). During interviews, harvesters were presented with
photographs of the selected species. We elicited their perceptions of
population status (i.e. abundance levels) and trends of the selected
species by asking them to explain how common they thought the selected species were in the PNP territory. For each species, harvesters
diﬀerentiated between two abundance areas: ‘rare’ and ‘common’ areas.
These were characterised in detail for each species during participatory
resource mapping exercises. The main harvest areas for each species
were also recorded. Harvesters were asked why they perceived the
1066
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Mainly traded in the past; sometimes
used to make an alcoholic drink (raki).

To analyse LEK-based perceptions, emic time periods and abundance
categories were adopted, reﬂecting the view of informants. Participants
clearly distinguished three time periods in which resource abundance
and harvest practices diﬀered: the past (under Communism, before
1991), the recent past (under the democratic government, 1990–2010),
and the present (under the socialist government, 2011–2015). When
talking about species abundance, participants distinguished three categories: i) common (mnogu ima), i.e. many plants seen all over the
PNP's territory; ii) locally abundant (ima), i.e. many plants seen in their
speciﬁc habitats; or iii) rare (retko), i.e. few plants seen in their habitats.
To account for diﬀerences in harvest experience and associated
knowledge, we assessed the reliability of the information provided by
harvesters, by evaluating each statement about abundance and trends
against ﬁve criteria. These were adapted from the reliability index developed by Ziembicki et al. (2013) and included: a) informant correctly
identiﬁed species; b) informant was an active harvester at the time of
the research; c) informant was an active harvester under Communism;
d) informant’ statements were conﬁrmed by statements of other informants; e) informant was a recognised knowledge holder by other
harvesters. For each aﬃrmative answer per criterion a score of 1 was
assigned; for each negative answer a score of 0. Thus, summing all
scores, each record could be of ‘high reliability’ (4–5 points), ‘intermediate reliability’ (2–3 points), or of ‘low reliability’ (0–1 points). For
example, a harvester may state that “Sideritis raeseri populations are
decreasing”. With regard to this speciﬁc species, the harvester may:

Even

Even

Mainly traded; used as tea for heart
disorders; fruits eaten raw as a snack.
Mainly traded.

900–1100, close to
villages
1000–2000, far
from villages
900–1100, close to
villages
Destructive harvest

According to Fremuth et al. (2014).

- have been able to correctly identify the species (criterion a = 1);
- have been an active harvester at the time of research (criterion
b = 1);
- not have been an active harvester under Communism (criterion
c = 0);
- have stated a similar trend to that mentioned by other harvesters
(criterion d = 1);
- not have been recognised as a key knowledge holder by other
harvesters (criterion e = 1).
In total, the statement would thus have earned a score of 4 out of 5
possible points and would have been categorised as having ‘high reliability’.
LEK indicators of plant abundance and trends were grouped into
four etic indicator classes (i.e. reﬂecting the authors’ interpretation): i)
socio-economic indicators relating to number of harvesters, harvesting
practices or market price changes; ii) management-related indicators
related to PNP interventions such as grazing regulations or plant cultivation; iii) ecological indicators relating to changes at landscape,
plant population or individual level; and iv) environmental indicators
relating to climate or natural disasters.
Descriptive statistics of vegetation survey data were performed in an

1

Shrub
Juniperus oxycedrus L. (Cupressaceae), PR02

Destructive harvest
Shrub
Crataegus heldreichii Boiss. (Rosaceae), PR29

Destructive harvest

Least concern (IUCN Red
List)
Sub-endemic,1 Least
Concern (IUCN Red List)
Endemic, PNP priority
habitat, nationally
vulnerable (VU A1b)1
Flowers, buds,
leaves, fruits
Flowers, buds,
leaves, fruits
Fruits
Crataegus monogyna Jacq. (Rosaceae), PR08

Orchis spp. (Orchidaceae) [including Orchis
pallens L. PR11; and Anacamptis morio (L.)
R.M.Bateman, Pridgeon & M.W.Chase,
PR10]
Primula veris L. (Primulaceae), PR21

2.3. Data analysis

Regional,
international
Regional,
international
Regional

Even

Mainly traded; partly used as tea for
respiratory disorders.
> 1500, far from
villages
Clustered

Sideritis raeseri Boiss. & Heldr. (Lamiaceae),
PR30

Collection pressure
Not listed
Flowers, roots

Perennial herb,
forming basal
rosettes
Shrub

Local

> 1500, far from
villages
Clustered
CITES Appendix II
Bulbs
Perennial herb

Local, regional

Culturally and economically highly
important species locally used as tea,
for ﬂu symptoms and respiratory
disorders.
Dried tubers used for making salep, a
hot beverage used as a constituent
during ﬂu season.
> 1500, far from
villages
Even

Collection pressure,
destructive harvest,
grazing animals, habitat
loss
Collection pressure
Sub-endemic, nationally
endangered (EN A1c)1
Aerial parts
before
ﬂowering
Perennial herb,
forming tufts with
wooden base

Local, regional,
international

Ethnobotanical use
Altitude range in
the PNP (m a.s.l.)
Distribution
Trade level
Threats
Conservation status
Plant part
harvested
Life form
Scientiﬁc name, botanical family, voucher
specimen

Table 1
Proﬁle of selected species.

PNP staﬀ and advisors.
In each plot, we recorded presence/absence, density, age classes,
harvest signs, as well as habitat, vegetation community and soil characteristics. The diversity of life forms across the selected species required that the overall protocol be modiﬁed for each species. Density,
i.e. number of individuals per unit area was measured for all species
except Primula veris, for which aerial cover was assessed instead, as
individuals were diﬃcult to distinguish. Plot sizes varied between
5 × 5 m for Primula veris L. and Orchis spp. and 10x10m for the remaining species, as these sizes best reﬂected the area the harvesters
visually assessed in their own autonomous monitoring. Species-speciﬁc
measures and vigour indicators were added based on LEK elicited
during joint plot assessments. Examples include plant height; diameter
of tufts, trunk or stem; number of stems, number of inﬂorescences or
ﬂowers; fruiting or old individuals (see Table 3).
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Fig. 2. LEK-based perceptions of population status. Reliability level of each record was determined according to ﬁve criteria adapted from Ziembicki et al. (2013).

rarest species were Orchis spp. These and Sideritis raeseri were said to be
signiﬁcantly decreasing in numbers due to increased harvest pressure
and destructive harvesting for trade.

Excel spreadsheet. Frequency (i.e. number of times a species is present
in a given number of plots) was calculated and chi square tests performed to compare the ‘rare’ and ‘common’ areas determined by harvesters at an aggregated level. Average density per plot was chosen as a
measure of abundance comparable to LEK-based density estimates recorded during joint plot assessments. LEK estimates of selected abundance and vigour indicators (between three and four per species) were
matched with actual numbers from the vegetation survey (cf. Danielsen
et al., 2014b).

3.2. LEK indicators
Harvesters adopted a variety of socio-economic, management, ecological and environmental indicators to assess status and trends of wild
medicinal plant populations and inform their harvest practices
(Table 2). They mentioned between six and 25 indicators per species,
mentioning more indicators in number and diversity for the most collected species, e.g. Sideritis raeseri. The most mentioned indicators were
visible damage due to destructive harvest practices and changing
number of harvesters.
Interviews led mostly to the identiﬁcation of indirect, non-ecological indicators such as the number of outside or resident harvesters or
price ﬂuctuations. These were the ﬁrst to be used by all harvesters,
including those who harvested speciﬁc species less regularly and were
thus less knowledgeable about them. During joint plot assessments with
experienced key informants, in situ ecological indicators at population
and individual level were more likely to come up. Examples include
proportions of young or dry plants, number of ﬂowers or ﬂower stalks.
They needed more regular observation in the ﬁeld and were thus less
known by harvesters who collected less regularly. LEK elicited during
joint plot assessments demonstrated a deep understanding of the species’ ecology and optimal harvest conditions. Harvesters indicated

3. Results
3.1. Perceived population status and trends
Harvesters’ perceptions of population status (Fig. 2) were in line
with their perceptions of population trends (Fig. 3). According to harvesters, Sideritis raeseri was the most widely known species with the
highest number of reliable records and widest consensus on status and
trends. Harvesters indicated that the species had started to be more
heavily harvested for trade only after the fall of Communism. The
currently most common species were Juniperus oxycedrus and Crataegus
monogyna. Crataegus spp. and Juniperus oxycedrus had low consensus on
population trends, which were perceived as mostly stable, with decreased harvest pressure balancing out destructive harvest practices
such as tree felling for easier ﬂower harvesting (Crataegus spp.) or for
competing use as ﬁre wood or wood poles (Juniperus oxycedrus). The
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Fig. 3. LEK-based perceptions of population trends. Reliability level of each record was determined according to ﬁve criteria adapted from Ziembicki et al., (2013).

young seedlings in an area of 100 m2 would ensure regeneration.
Harvesters described that this was the situation under Communism, but
at present plant individuals rather formed tufts of 15–30 cm in diameter, they were spaced 5–10 m apart, ﬂower stalks reached around
15–20 cm height and were picked one at a time, and young seedlings
were rarely seen. In the case of Primula veris, qualitative population
health indicators included the increasing presence of ‘ill’ ﬂowers,
looking pale and dry, which were unsuitable for collection.

quantitative measures and thresholds of harvesting and population
health for each species which may be interesting for monitoring of
sustainability of harvest practices.
Quantitative measures of harvesting were indicated, for example,
for Sideritis raeseri. Under Communism it was common to harvest between 20 and 200 ﬂower stalks of per plant individual, while presently
only 2–10 ﬂower stalks could be found per individual on average, and
only very rarely up to 150 ﬂower stalks per individual. In the case of
Primula veris it was common, up to the recent past, to harvest individuals with 3–5 ﬂower stalks and 10–15 ﬂowers per ﬂower stalk,
while after 2010, this amount decreased to one ﬂower stalk with ﬁve
ﬂowers per stalk.
Harvesting thresholds were mentioned for example for Sideritis
raeseri, Primula veris Orchis spp. and Juniperus oxycedrus. These thresholds should not be crossed if the natural regeneration cycle is to be
respected and harvesting is to be sustainable:

3.3. LEK-based versus science-based survey
Overall, there was agreement between the LEK-led and science-led
vegetation survey, but results varied between species (Table 3). Estimates matched more often within ‘rare’ areas (57% of indicators) than
in ‘common’ areas (46%). ‘Common’ and ‘rare’ areas were signiﬁcantly
diﬀerent in species frequency for all species (p < 0.05), except Orchis
spp. (Table 4), indicating that local perceptions of species’ frequency
were accurate overall and that dividing the landscape into ‘rare’ and
‘common’ areas made sense in the local context.
LEK-led and science-led density estimates mostly matched, except
for the less abundant species, Crataegus heldreichii, Orchis spp. and
Primula vulgaris in their respective ‘common’ areas. Agreement of species-speciﬁc indicator estimates was highest for Sideritis raeseri (80% of
indicators matching), and lowest for Orchis spp. (38% of indicators
matching) and Crataegus heldreichii (30% matching), indicating higher
correspondence for commonly collected species and lower correspondence for less collected and rare ones. For Juniperus oxycedrus, neither
‘rare’ nor ‘common’ areas showed agreement on the number of fruiting
individuals, as it was currently rarely harvested. However, estimates
matched for mean density of shrubs, probably because they remained
easily visible growing in proximity to the villages. Harvest signs were
systematically underestimated by the science-led approach due to

- Sideritis raeseri can be harvested yearly, up to three times per season
if rains are abundant in late summer, but a minimum of 10 days
between harvest trips should be complied with;
- roots of Primula veris may be harvested every three years;
- Orchis spp. bulbs should only be harvested from individuals with
ﬂower stalks thicker than 1 cm at the base, as their bulb will be of an
appropriate size for harvest; and
- Juniperus oxycedrus cones can be harvested every two years.
Quantitative population health indicators were particularly detailed
for Sideritis raeseri, a healthy population of which would look like this
according to harvesters: plant individuals would form large tufts of
50–100 cm in diameter per plant individual, tufts would create a thick
carpet over large areas, ﬂower stalks had the time to grow to 50–70 cm
height and would be cut in bunches with a sickle, and at least two
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Table 2
Summary table of LEK indicators and proportions of indicator classes across species.
Indicator class

Level

Speciﬁc indicator

Sideritis raeseri

Orchis spp.

Primula veris

Crataegus spp.

Juniperus oxycedrus

Socio-economic

Collectors

Number of outside collectors
Number of local collectors for trade
Destructive harvest
Timing of harvest
Interval between harvest trips to same areas
Number of harvest days
Harvestable resource
Option to select preferable types
Price
Market demand
Number of traders
Total socio-economic indicators
Grazing of wild animals
Grazing of livestock
Cultivation
Total management indicators
Habitat availability
Disappearance from speciﬁc areas
Presence of stones
Number of individuals per unit area
Frequency of seeing individuals along the path
Regeneration
Proportion of dry individuals
Proportion of old individuals
Proportion of ﬂowers/fruits after harvest season
Harvest signs
Harvest per unit eﬀort
Abundance compared to Macedonian side
Number of ﬂower stalks
Number of tall ﬂower stalks
Number of ﬂowers per stalk
Harvest amount per individual
Tuft diameter
Respect of growth cycles
Number of ﬂowerless or fruitless years
Presence of “ill” ﬂowers
Number of cut or dry stems or branches
Number of fruits
Total ecological indicators
Annual variations due to weather
Wildﬁre
Total environmental indicators
TOTAL number of indicators

√
√
√
√
√
√

√

√

√
√
√

√
√

Harvest

Market

Management

Landscape
Landscape

Ecological

Landscape

Population

Plant individual

Environmental

Climate
Natural event

√

√
√
√
8
√

√

√

√

√
√

√
5

2

5

4

√

√

√

√
√
2
√
√

1
√
√
√
√

√

√
√
√
√
√

√
√
√
√
√
√

√
√
√

√
√
√
√

√
√
√
√
√

√
√

13
√
√
2
25

1

6

12
√

6
√

1
16

1
12

√
3

7

abundant areas on the mountain tops, while still being aware of very
small populations occurring along the lake shores. For the less abundant
species, such as Orchis spp., Crataegus heldreichii and Primula veris, PNP
staﬀ was not aware of some populations.
Participatory mapping also showed that harvesters and PNP staﬀ
had a diﬀerent perception of what should be included and measured. In
the harvesters’ perception the harvestable resource was the focus, i.e.
certain individuals and plant parts which can be harvested, to the point
where they would say “there is nothing here” regarding an area where
the species was present but there was no harvestable material. PNP staﬀ
and scientiﬁc advisors were concerned about the plant population as a
whole but did not distinguish between harvestable or non-harvestable
individuals and areas.

diﬃculties in easily recognising or clearly distinguishing them from
grazing signs. Harvesters based their assessment on their own harvest
practices, for example stating that they had themselves harvested the
area a week before.
For most indicators, harvesters felt conﬁdent providing quantitative
estimates, though these were usually stated as a range of values. Where
precise numbers or range of numbers did not match with science-led
estimates, there was often still agreement regarding patterns between
‘rare’ and ‘common’ areas (64% of indicators matching). For example,
for Sideritis raeseri, exact number estimates diﬀered for the mean
number of ﬂower stalks per tuft in rare areas (ﬁve according to the
scientiﬁc approach versus two according to LEK). However, the two
approaches still agreed that the mean number of stalks per tuft was
smaller in ‘rare’ areas than in ‘common’ ones.
Participatory resource mapping showed that for more abundant
species such as Sideritis raeseri or Juniperus communis, PNP staﬀ and
scientiﬁc advisors had a more general overview of species occurrence
(Fig. 4) compared to harvesters. The science-based understanding of
PNP staﬀ focused on the range of the species, preferring to mark big,
connected areas rather than small isolated locations. For example, according to PNP staﬀ, Sideritis raeseri occurred “all over the PNP”. Harvesters had more ﬁne-grained knowledge about the presence or absence
and abundance levels (rare or common) of useful species in speciﬁc
locations (Fig. 5). Thus, for Sidertis raeseri, they would identify the

4. Discussion
4.1. LEK for monitoring species abundance and trends in the face of
complexity
Harvesters of Prespa carried out autonomous local monitoring of
medicinal plants informally, while going about their daily activities, as
has been found elsewhere (LaRochelle and Berkes, 2003; Sheil et al.,
2015). The quality and breadth of LEK varied among species. Naturally,
records were more reliable and consensus stronger for those species
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Table 3
Comparison of science-led and LEK-led vegetation survey.
LEK-led monitoring.

= agreement between science-led and LEK-led monitoring.
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being more interested in the range of species distribution for conservation purposes, often ignored speciﬁc locations, especially for rare
species. This may be explained by the diﬀerence in perception of what
should be measured: the harvestable resource or the population as a
whole? This questions whether LEK is relevant for ‘pure’ conservation
assessments and monitoring, as it seems to be more appropriate for
monitoring resources for wild harvest management or certiﬁcation
purposes. Development and auditing of certiﬁcation schemes for sustainable wild plant collection such as the FairWild Standard (FairWild
Foundation, 2010) may beneﬁt from LEK input.
For most species of this study, no literature was available to compare LEK of species’ status and trends with scientiﬁc abundance records.
According to an informal survey of the medicinal ﬂora of the PNP in
1999, Sideritis raeseri was present in some locations at that time with
large and dense individuals with 20 ﬂower stalks or more and a tuft
diameter of 50 cm (Fremuth et al., 1999), conﬁrming LEK of past
abundance. According to the Action Plan for Sideritis raeseri, it was
included in the List of Protected Species of Flora in Albania as an endangered species (status EN A1c) due to a rapid population decrease by
50% over 20 years (Bojadzi et al., 2012), which conﬁrms LEK-based
perceptions for populations in Prespa. Just across the border in the
Republic of North Macedonia, the Galičica National Park carried out
transect-based monitoring of Sideritis raeseri between 2010 and 2012.
Preliminary results showed a population density between 36.8 and
105.9 tufts/ha (Bojadzi et al., 2013, 2012). For comparison, vegetation
survey results in Prespa suggest a much higher density: between 222
and 1002 tufts/ha. This ﬁnding is inconsistent with the perception of
harvesters, who repeatedly maintained that Sideritis raeseri grew in
denser stands in the Republic of North Macedonia because there were
fewer collectors. However, harvesters’ perceptions about population
density across the border were likely unreliable as they only rarely
visited Macedonian harvest sites.
That estimates matched more often within ‘rare’ than in ‘common’
areas may be due to the ‘rare’ areas being usually closer and more
frequently observed either for harvesting (hence the ‘rarity’ of the
species) or while taking animals on the grazing range. LEK-based perceptions and science-led survey results regarding the harvestable resource were sometimes inconsistent, e.g. on the number of ﬂower stalks
per Sideritis raeseri tufts, the number of thick-stalk individuals of Orchis
spp., or the presence of ﬂowering Crataegus shrubs after harvest.
Overestimations by harvesters may be explained by some harvesting
having occurred prior to the time of measurement or by the harvest
season of 2015 being shorter than usual due to adverse weather conditions. Low indicator matches and lack of signiﬁcant diﬀerence between ‘rare’ and ‘common’ areas for Orchis spp. may also be caused by
unsuitable ecological sampling design, as rare and clustered species
would beneﬁt from adaptive cluster sampling for more accurate population measurements (Acharya et al., 2000). Mismatches may also be
due to harvesters integrating their knowledge about the wider area into
their plot-based assessment, despite directions to focus on the plots. It
felt unnatural to them to limit their observations to a plot especially
when it did not seem representative to them of the wider landscape in
which it was located.
Vegetation survey results showed a high standard deviation and an
increase in the sampled area may have reduced the high variation.
However, the primary aim was to understand the autonomous local
monitoring and the present sampling intensity is likely to reﬂect the
PNP capacity for monitoring. The high variation is also in line with the
tendency of harvesters to indicate ranges of values rather than precise
numbers. Working with value ranges allowed harvesters to account for
‘normal’ seasonal variability in resource abundance within complex
ecosystems and distinguish it from changes out of the norm. They thus
considered population trend a more useful measure than current status
because it overlooked smaller ﬂuctuations. This was also reﬂected in
their choice to talk about ‘present’ population status over a period of
ﬁve years (2011–2015). This may be explained by their understanding

Table 4
Diﬀerence in frequency of plants between ‘rare’ and ‘common’
areas.
Species

Chi Square (p values)

Sideritis raeseri
Orchis spp.
Primula veris
Crataegus monogyna
Crataegus heldreichii
Juniperus oxycedrus

0.00011
0.09550
0.00000
0.04777
0.00017
0.00000

Fig. 4. Participatory distribution map according to National Park staﬀ and
advisors.

which harvesters were most regularly in contact with through harvestrelated activities (Biró et al., 2014; Gilchrist et al., 2005; Hellier et al.,
1999). Studies have shown that a species’ usefulness has implications
for the use of LEK in monitoring species of conservation interest (Hellier
et al., 1999; Zhao et al., 2016). In Prespa, LEK about Sideritis raeseri
populations was considerable, and could potentially provide useful insights for monitoring within the transboundary action plan elaborated
for this species (Bojadzi et al., 2012).
Despite growing in remote areas on the mountain tops, Sideritis
raeseri was well-monitored among harvesters, indicating that cultural
and economic importance were more signiﬁcant determinants of
monitoring eﬀorts than proximity. Scholars have argued that monitoring eﬀorts are highly dependent on (continued) harvest and use
(LaRochelle and Berkes, 2003). Harvesters and other community
members had no knowledge of or use for a rare endemic indicator
species for habitat integrity in the PNP, Crocus cvijicii Kosanin, for
which some scientiﬁc monitoring had been initiated (Shuka, 2012).
This resonates with ﬁndings from a study in East-Central Europe, in
which local community members had limited to no local knowledge
about population trends of threatened and rare plant species (Biró et al.,
2014). However, harvesters continued to monitor species such as Juniperus oxycedrus despite its decreased economic importance because it
was growing in close proximity to the villages. This is potentially relevant for the PNP management as this species has been declared a
priority habitat in the PNP (Fremuth et al., 2014).
As participatory mapping exercises showed, harvesters had detailed
knowledge about the location of plant populations, even when small
and categorised as ‘rare’, which guided their decision-making on where
to go for a cost-eﬃcient harvest trip. PNP staﬀ and scientiﬁc advisors,
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Fig. 5. Participatory distribution maps indicating rare (red), common (green) and main harvest (dotted circle) areas for each species according to harvesters.
Numbers indicate the number of survey plots placed within each area.

monitoring, i.e. that a broad suite of simple, less-speciﬁc, “fuzzy”
variables, instead of a few detailed and costly ones, allows local communities to obtain a holistic picture of the environment and to better
capture and adapt to complexity (Berkes and Berkes, 2009). Many of
the indicators found reﬂect LEK indicators elsewhere and point towards
similarities in the perception of natural resources between local resource users (Moller et al., 2004; Sheil et al., 2015). Examples include
harvesting per unit of time or eﬀort, ratio of young versus reproductive
individuals, population density or noticing unusual patterns, e.g. the
presence of ‘ill’ ﬂowers in Primula veris. The use of socio-economic indicators (e.g. number of harvesters) appears to be characteristic of LEK
systems, in which human activities are considered just as important as
ecological variables in the assessment of wild plant species (Roba,
2008; Sobral et al., 2017). Although the relationship between socioeconomic indicators and the state of the resource is uncertain (Global
Environment Division, 1998), monitoring based on ecological indicators alone might miss subtle changes which would be crucial for
harvest decisions (Roba, 2008).
Harvesters in Prespa felt conﬁdent with giving quantitative estimates for most indicators and species. This was surprising as LEK is
usually known to produce and use mainly qualitative measures (Berkes,
2012; Heaslip, 2008) and only in a few cases have quantitative LEK
estimates been reported, for example the timing of bird migrations and
bird species distributions (Gilchrist et al., 2005). The use of quantitative
measures in Prespa may be a result of using joint plot assessments instead of solely interviews far from the resource in question (e.g. Sobral

of their environment as a complex system, in which only ﬂexible ranges
of values can deal with ﬂuctuations and changes (Berkes, 2012). The
importance of trajectories, thresholds and ﬂexible LEK in the face of
uncertainty has been extensively discussed in the literature on complex
adaptive socio-ecological systems (Folke, 2009; Harris, 2007).
The practice of comparing LEK-based and science-based approaches
has often been criticised (Brook and McLachlan, 2005). One of the risks
is to categorise the dynamic and adaptable nature of LEK in order to ﬁt
scientiﬁc framings, thus compromising those characteristics that represent LEK’s major strengths. In the present study, the scientiﬁc
monitoring approach was not taken as the standard (Agrawal, 2002).
On the contrary, LEK determined which species-speciﬁc measures
should be considered in the science-based survey to produce monitoring
relevant to the local management context. The comparison of LEK-led
and science-led monitoring may thus give voice to local resource users
in negotiating with PNP oﬃcials over their role in the management and
monitoring approach for the sustainability of medicinal plant harvest.
Although this may not be enough to reduce the power asymmetry between local stakeholders (Garcia and Lescuyer, 2008), it represents a
ﬁrst step towards encouraging communication between them.
4.2. LEK indicators for wild plant monitoring: ‘counting what counts’
Harvesters adopted a large number and variety of indicators to assess species abundance similar to other studies (Sobral et al., 2017).
This is in line with previous ﬁndings about autonomous local
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tree (such as Crataegus spp.) should be felled or someone in the family
would die. Like many other traditional beliefs and religious practices,
this simple prescription was probably overridden by the natural resource management rules established under Communism.
Current monitoring was found to happen on an individual basis with
harvesters not usually sharing observations among themselves (c.f. Biró
et al., 2014). Assessing resources during joint plot assessments was new
to them and although they agreed on many aspects, they remained
sceptical about imagining a more formally organised LEK-based resource management due to a persisting negative perception of cooperative work. Building a monitoring program on LEK may be a way to
valorise the knowledge of the poorer community members who rely on
medicinal plant harvesting and encourage a continued observation of
the environment, even when harvesters are too old to collect plants or
when economic development leads to the abandonment of this lifestyle.
External conservation interests in Prespa could contribute to existing
eﬀorts of individual harvesters by supporting instead of replacing them
(Sheil et al., 2015).

et al., 2017). It may also reﬂect a local distinctive trait, i.e. an aspect of
the legacy of Communism, during which harvest quantities and practices were frequently recorded and discussed. LEK is usually not used in
decision-making due to its inability to provide quantitative estimates,
but oﬃcial monitoring schemes in Prespa could relatively easily incorporate or be entirely based on LEK.
The richness of species-speciﬁc LEK indicators currently adopted by
harvesters may be a source of inspiration for oﬃcial monitoring programs, ensuring that only what really matters is measured to assess
species populations (Danielsen et al., 2014b). Examples include
counting presence or absence of tall ﬂower stalks (> 50–70 cm) of
Sideritis raeseri, recording the timing at which its harvest season begins
each year to indirectly monitor harvest pressure, counting the number
of fruitless years to assess population health of Juniperus oxycedrus or
evaluating thickness of ﬂower stalk in Orchis spp. to indirectly assess
below-ground tuber condition. As the PNP administration plans to
implement sustainable harvesting, many of the indicators may also
serve as a basis to establish best-practice harvest rules, such as
minimum size class, allowed harvest periods or minimum time intervals
between harvest trips.
It has been argued that in order to be useful to scales beyond the
local, participatory data has to meet the needs of the decision-makers
(Lawrence, 2010). Danielsen et al. (2014b) have shown that autonomous local monitoring could potentially monitor 23% of international
biodiversity monitoring indicators, if there was a link between self-established local monitoring and international environmental agreements. LEK may help track indicators mentioned by the Convention on
Biological Diversity (CBD), the Circumpolar Biodiversity Monitoring
Program (CBMP), the Organisation for Economic Cooperation and Development (OECD) or the Streamlining European 2010 Biodiversity
Indicators (SEBI). The present study showed that harvesters’ LEK in
Prespa could potentially provide information on such indicators, e.g.
ecosystems contributing to livelihoods (CBD), trends in abundance of
key species or of biodiversity for traditional food and medicine (CBMP),
abundance and distribution of selected species (SEBI) or intensity of use
of forest resources (OECD). Indicators applied to assess the threat status
of species such as those used in Red List assessments carried out by the
International Union for Conservation of Nature (IUCN) also show similarities to LEK indicators found in Prespa: e.g. changes in local extent
of occurrence; area of occupancy; number of locations; number of
mature individuals. At the least, LEK can provide early warnings of
changing aspects of an ecosystem (Mallory et al., 2003; Olsson et al.,
2004).

5. Conclusions
The results of this study suggest that harvesters possessed detailed
LEK about the species they collect and that they adopted a variety of
socio-economic, management, ecological and environmental indicators
to autonomously assess wild medicinal plant resources and inform their
harvest practices. LEK indicators seem to be relevant for oﬃcial resource monitoring and LEK appears to be accurate for most monitoring
aspects and could thus be used to assess the status and trends of useful
species.
One of the challenges for combining LEK and its indicators with
oﬃcial scientiﬁc monitoring for conservation purposes remains that the
two systems refer to diﬀerent monitoring units: while resource users
focus on the harvestable resource, conservation monitoring considers
the plant population as a whole. This limits the inclusion of LEK in
‘pure’ conservation monitoring. However, LEK may still play a role in
providing early warning signals for changes in species populations. In
Prespa, the detailed knowledge of harvesters regarding medicinal plant
occurrence and abundance may serve as the basis for developing oﬃcial
monitoring approaches and for adapting the recently top-down designed “core protection” and “sustainable use” zones of the PNP. For the
moment, these exist only on paper but may considerably limit harvesters’ access to an important part of the landscape and their resources, thus endangering the related LEK.

4.3. The future of autonomous local monitoring in Prespa
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