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Abstract: Here I examine the overexploitation of Artemisia granatensis, a narrow endemic medicinal
plant species from Sierra Nevada, Spain, and the consequences for its conservation. With over 50,000
flowering plant species used for medicinal purposes worldwide, many species face sustainability
issues due to overharvesting and habitat loss. Historical documentation of A. granatensis use dates
back to the 13th century, highlighting its significance in traditional medicine. However, this species
has suffered extensive overexploitation, particularly in the 19th and 20th centuries, leading to a
significant decline in populations. Conservation concerns were first raised in 1909, and despite the
species being legally protected since 1982, illegal collection and environmental pressures persist.
Today, A. granatensis is critically endangered, with fewer than 2,000 individuals remaining in
fragmented populations. The study synthesizes historical and recent literature to understand the
long-standing pressures on this species and the limited conservation efforts made. Cultivation of A.
granatensis is proposed as a crucial strategy to reduce pressure on wild populations and ensure the
survival of this flagship important plant species.
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1. Introduction

Worldwide, an estimated 50,000 to 80,000 flowering plant species are used for medicinal
purposes [1]. In fact, among the many provisioning services provided by plants, the use of medicinal
plants stands out, especially in rural areas where access to conventional drugs is limited [2]. However,
the use of these plants is in many cases far from sustainable. In fact, some 15,000 species worldwide
are threatened from overharvesting and habitat depletion [3]. Important consequences are arising
from this fact, with experts estimating that the Earth is losing at least one potential major drug every
two years [4]. In many cases, a given species has become rare and even extinct due to the
overexploitation, even a formerly common species [5]. The disappearance of “silphium”, an
unidentified species considered to belong Ferula genus (Apiaceae family) is considered the first
extinction of a plant or animal species recorded. Silphium had a remarkably narrow native range,
about 201 by 56 km, in the southern steppe of Cyrenaica (present-day eastern Libya). The cause of
silphium’s supposed extinction is not fully known, but numerous factors such as overgrazing
combined with overharvesting, are suggested to have led to its extinction [6]. This example is
paradigmatic and illustrates us about how rare is to have detailed historical information on plant
species overexploitation and its consequences.

Artemisia granatensis, a wormwood narrow endemic species, considered among the most
threatened medicinal plant species in Europe [5], could be an outstanding exception as we have
references about the use and harvesting dating back to at least the 13th century [7] that can enlighten
us about on the effects of overexploitation for endemic plant species.

This article aims to examine a paradigmatic case of overuse of an endemic medicinal plant
species to illustrate the consequences of this over-exploitation for the conservation of an endemic and
rare species.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Material and Methods

2.1. Studied Species

Artemisia granatensis Boiss. belongs to the large family of Asteraceae. Artemisia is the largest
genus in the tribe Anthemideae and one of the largest in the family, with over 500 species (Martin &
al., 2001). A. granatensis is endemic to Sierra Nevada (SE Spain) and appears in perennial high-
mountain pasturelands, screes and rock crevices on mica-schists, from 2500 m to the highest peaks
(above 3400 m a.s.l.). Traditionally, the main threat has been the harvest of complete individuals for
medicinal purposes; also ungulates (wild and domestic) browse a large percentage of the
reproductive stems [8], despite the production of sesquiterpenes that make the foliage bitter [9]. The
result of these pressures is a major decrease in seed set of 20-90 % of the total, depending on the
population [10].

2.2. Literature Search

I conducted systematic literature searches in Scopus, ISI Web of Science and PubMed databases.
In addition, I retrieved non-indexed but relevant citations from grey literature and books using
Google Scholar and freeFullpdf (https://www.freefullpdf.com) and Biblioteca Digital del Jardin
Botanico de Madrid (https://bibdigital.rjb.csic.es). Also to gather news about the species I search in
the Hemeroteca Digital, Biblioteca Nacional de Espana (https://www.bne.es/es). The search terms
were: “Artemisia granatensis” AND/OR “royal chamomille” AND/OR “wormwood” (both in
English and Spanish). I specifically aimed to review the papers dealing with the use and conservation
(sensu lato) of the species. For this I subjected all the documents (96) to a manual screening to select
the relevant documents to answer the aim (including research articles, reviews, commentaries, letters,
books, book chapters and reports). After the screening I selected 61 documents (Table S1) that have
been used to illustrate the use and conservation issues of the species for the period 1220-2019.

3. Results and Discussion

I have included all the documents selected in Table S1. I have added also some relevant
information for each of them concerning the use, overexploitation and conservation of the species.
Also, I have added a timeline illustrating the main milestones in the literature (Figure 1).
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3.1. A Long History of Use and Abuse

First writing references date back from ca. 1220, where Ibn Al-Baytar a Spanish-Arabic physician
and botanist indicated that “manzanilla real” (royal chamomille, Spanish name for A. granatensis)
“grows in the colder mountains” [7], which indicates the interest in the species date back even to
medieval times.

The following reference to the species appeared in [11] making the inventory for the cadastre of
the Marques de la Ensenada, who indicates for the Veleta summit area “...producing nothing but
Royal Chamomille, polypodium and some amethyst-like points or crystals strongly attached to the
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surface of the slabs”. It is reasonable to think that its use must have already been widespread, since
it is considered one of the few remarkable resources in the high mountain.

First botanical description of species was made by [12], who assigned the species to the alpine
taxon Artemisia rupestris Lamarck, then other botanists cited the species as: A. glacialis L. [13], A. genipi
Weber, or A. laxa Fritsch [14]. Afterwards, [15] first described the species as new and named it A.
basilicata (Webb ex Willk & Lange) but did not formally published it. Then, [16] finally described the
species as A. granatensis, the currently accepted name. This author also commented on its frequency
on the summint of the Sierra and the “large quantity of the plant that was observed during the
summer in the markets of the city of Granada”.

The rest of the 19th century references indicate the interest of the species, i.e., [17] in his
geographic dictionary commented for Trevelez (a village in the southern slope of Sierra Nevada)
when mentioning its products that “... thyme and chamomile grow there”. Other authors pointed
their abundance [18], or the extensive use as in [19]: “... the royal chamomile Artemisia granatensis
Boiss., a tiny, silvery herb, existing in very thick grasslands, of the chamomile family or St. John's
wort which, as a medicinal herb, is well known to the inhabitants of the Sierra....” or [20]: “...In the
province of Granada the best known and most appreciated plant variety is undoubtedly the royal
chamomile (Artemisia granatensis) a very aromatic plant and very popular as a remedy for any
stomach illness. This plant, which grows among the schist of the highest peaks, can be easily bought
in the streets of Granada”.

It is noteworthy that shortly after these references to the extensive use, a reference first reported
the conservation concerns posed by this overuse of the species [21]: “If I mention this species here, it
is to point out the war of extermination being waged by the manzanilleros (Spanish name collectors
of royal chamomile). It is condemned to disappear: I do not know of any plant in Spain or in any
other region where the monomania or social epidemic is more fiercely embodied in the natives of the
country...”

The species rapidly turns very rare and by 1923 it is indicated [22]: “...the manzanilleros, in
search of a special chamomille, exclusive, it seems, of Sierra Nevada, already very rarefied, almost
exhausted, preserved only in places almost inaccessible to any interest other than the conquest of
bread, the prize of all the sweat..”. He also narrated the death of a manzanillero who fell from the
Mulhacén peak in the search of the scarce plants growing there. The situation become even worst, as
an example Font Quer (1924) wrote: “...it has become so scarce that to collect a few sheets for the
herbarium, it is necessary to search a lot”, and “...the main incentive for collectors is not so much the
healing virtue of this plant as its price”. He also highlighted the problems that over-harvesting posed
for natural regeneration: “Due to the irrational collection that is made of it, it is almost exhausted in
Sierra Nevada. As a result of the high price it fetches in the market, it is cut as soon as it is born to
prevent other collectors from getting ahead of it, thus not allowing the production of seed and its
dissemination to multiply it properly.”

This situation became critical by the 70s of 20th century, when some authors consider the species
have disappeared from many places [24] and globally “...in the process of disappearing as a
consequence of the incessant search to which it has been subjected...”[25].

3.2. Protection and Conservation Status

Despite some authors early consider the species threatened by abusive collection [21], and that
it should be protected and its collection regulated [26], by the end of 70s “the plant is extremely
difficult to find, but there is a still a strong desire to collect and it is not legally protected” [27]. Due
to this situation the species was included Bern Convention [28], the first attempt to preserve some
species at European scale. However, until 1982 the species was not legally protected in the Spanish
legislation, under endangered category, being prohibited “the collection, cutting and uprooting of
this plant or part of it, including its seeds, as well as its commercialization, except for scientific
purposes”[29]. After this, the species has been included in all the national and regional legislation for
the protection of endangered species.
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Despite the legal protection, illegal collection still continued along the 80s [30] and there was a
local black market with a great demand of the species [31,32], also aggravated by the grazing impact
by Spanish goat (Capra pyrenaica hispanica)[33] whose populations grew by this time due to game
regulation and the absence of predators (e.g., wolf), even along the 90s the situation remained critical
[34]. As a result, species was evaluated as critically endangered (CR sensu IUCN 2012) with only 6
populations (scattered in small patches) and less than 3,000 individuals in total [36]. This regressive
trend still persisted with less than 2,000 individuals by 2003 [37] and it was maintained along the
2000s [38]. Other threat factors can have a punctual but strong influence in some populations, such
as the hybridization with the closely related alpine species Artemisia umbelliformis [39] present in the
area, despite rare [38]. Moreover, with the synergistic effect of ski slopes machine grading and the
construction and maintenance of auxiliary infrastructure in the ski area [40].

In addition, it has been found that the low number of individuals in most populations caused a
generalized failure in seed set, with a 20-90 % decline depending on the populations [10]. Extensive
search carried out for the staff of the National Park of Sierra Nevada resulted in the location of more
populations (up to 20) but a decreasing in the estimated number of individuals of 1320 by the end of
2020s, this estimate being the last available in the literature, and thus being considered as critically
endangered (CR) and as a result becoming included in the top ten most endangered species at
regional scale [41].

3.3. Conservation Efforts

Despite the critical situation of the species, conservation efforts remain insufficient.

From the very first indication of the conservation issues, it is also indicated that a possible
measure is the cultivation of the species. Pau (1909) states “...I told the guide to cultivate it to meet
the demands and thus avoid its extermination”. Despite this, there is no attempt in this sense until
1979 [42], when it is propagated in a nursery and planted in situ for the first time, but on a small scale
(only 40 individuals). Afterwards, in vitro propagation was tested as an appropriate method to
promote its cultivation [43].

Long after [37] indicate again that among different conservation measures (such as effective
control of illegal harvesting, public awareness campaigns, or ex situ seed conservation in germplasm
banks), to promote propagation as the only method to reinforcement the populations and at the same
time meet the needs of traditional use of the plant through cultivation. However, to date,
reinforcements or re-introductions with conservation purpose have been very scarce, being limited
to about 300 individuals [44]. Nor a mechanism has been established to cultivate it under controlled
conditions, although it is acknowledged that it would be a dissuasive element to prevent illegal
harvesting, which still occurs at present (author’s personal observation). Paradoxically, it is well
known how to propagate the species from seeds and cuttings, as well as its maintenance under
cultivation conditions, from experiences carried out in botanical gardens [44].

4. Conclusions

The case of Artemisia granatensis illustrates very well how overexploitation of a species,
especially if it is a narrow endemic and rare species, can led it to the brink of extinction. It is unusual
in the available literature for a given species to have so many references illustrating in detail and over
such a long period of time this whole process. We tend to think that the use of resources by rural
communities is balanced and sustainable, but current conservation problems are often due to the
overexploitation of a resource in the past. In this sense, the example of this species is paradigmatic.

The species was relatively common in the past, but becoming heavily used, locally traded, and
then overexploited, it is becoming one of the most endangered plant species in Spain.

Moreover, despite the status of the species, there is a lack of effective conservation measures to
ensure its survival. For this, it is necessary that the environmental administration takes the initiative
in conservation and promotes all the proposed conservation measures. In this sense, cultivation could
be an interesting way to reduce the pressure on natural populations, while at the same time providing
an interesting resource for local farmers.
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Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1. Relevant literature including data about use and conservation of
Artemisia granatensis.
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