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Of shrub, cactus, vine and
toad: psychedelic species
of conservation concern
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Psychedelics have a profound potential to catalyze psychological transformation and
support traditional cultures and ways of life. However, many naturally occurring
psychoactive plants and animals are facing threats from climate change, habitat loss
and other anthropogenic pressures like overharvesting. In this narrative review we
examine the conservation issues pertaining to some of the most well-known
naturally occurring psychedelics: peyote (Lophophora williamsii), ayahuasca vine
(Banisteriopsis caapi), iboga (Tabernanthe iboga) and the Sonoran Desert toad
(Incilius alvarius). For each of the four species we aim to: review their conservation
status; assess the sustainability of current sourcing practices; discuss pathways for
sustainability of access; examine the efforts underway to preserve these medicines
by Indigenous people and local communities; and propose how these efforts could
be supported or expanded. This review focuses on an urgent issue of conservation of
naturally occurring psychedelic plant and animal species and draws attention to their
conservation needs. We conclude that despite biological and ecological differences,
all four species face similar knowledge gaps limiting evidence-based conservation.
Priorities across species include: long-term ecological and demographic
monitoring; genetic and chemical diversity studies; sustainable harvest and
management research; integration of lindigenous knowledge and socio-cultural
research into conservation frameworks.

KEYWORDS

psychedelic conservation, Lophophora williamsii, Banisteriopsis caapi, Incilius alvarius,
Tabernanthe iboga, peyote, iboga, Sonoran Desert toad

Introduction

One class of psychoactive substances, the psychedelics, has come to the forefront of public
attention in the last few years. Psychedelics, originating from Greek words meaning “mind
manifesting,” are substances that significantly alter consciousness. The “classic” psychedelics
include serotonergic compounds (i.e. agonists of the serotonin receptors) such as lysergic acid
diethylamide (LSD), psilocybin (the active ingredient in many species of magic mushrooms,
notably genus Psilocybe), mescaline (found in several species of cacti, notably genera
Echinopsis/Trichocereus and Lophophora) and N,N-dimethyltryptamine (DMT, the
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primary psychoactive component in ayahuasca) (Nichols, 2016). For
millennia, cultures have employed psychedelics in various
sociocultural contexts, often as part of spiritual or healing rituals
(Hofmann et al,, 2001). In recent years, a growing number of
researchers, clinicians and members of the general public have
become aware of their potential for the treatment of a variety of
mental health disorders (McIntyre et al, 2025), most notably
depression, anxiety (Kim et al., 2025) and addiction
(Vamvakopoulou and Nutt, 2024). With this change in perceptions
comes a change in drug laws and policy, an increase in ‘drug tourism’
to the Global South and an increased demand for these substances
globally. Changes in drug policies are evident, for example, in the
legalization of the medical use of psychedelics by Switzerland and
Australia (Nutt et al., 2024) or a wave of decriminalization of
naturally-occurring psychedelics across various USA states and
cities (Bhave, 2024). This is accompanied by an increase in online
retailers and in-person dispensaries, particularly in the USA and
Canada (Lorinc, 2024), thriving sales through the dark web
(Stringham et al,, 2023) and anecdotally, through the deep web (the
part of the World Wide Web that is not discoverable by means of
standard search engines, instead referring to social media, messaging
apps), although exact data for the latter are lacking.

Across the globe (and particularly in the Global South), an
increasing number of retreat centers are emerging, offering
promises of healing, wellness, and a connection to Indigenous
traditions through a variety of substances, such as ayahuasca, San
Pedro, peyote and mushrooms (Kamin, 2021)*. These retreats often
feature complementary practices like sweat lodges, meditation, yoga,
and vegan cuisine, along with various medical and spiritual claims
made to generate interest. Prices vary widely, ranging from hundreds
to several thousand dollars, catering to diverse budgets and
preferences (Kamin, 2021)*. More and more people are turning to
psychedelics in search of healing, connection and meaning. Yet some
practices aimed at therapy, spirituality or recreation are threatening
some of the species being used. This is complicated by a lack of
knowledge regarding the conservation and ecology of many of these
species, about the rates of resource extraction or impacts thereof, or
the effects of current drug policies. For the Indigenous communities
around the world that have used plant and fungi medicines since time
immemorial, the sudden rush to commodify these entities is both
troubling and disruptive, as is the lack of recognition of Indigenous
Knowledge (Fotiou, 2016, 2019; Palumbo, 2024). Specifically, many
Indigenous Nations have expressed concerns about being excluded
from psychedelic spaces that extract their knowledge without benefit
sharing, compromise what they regard as their intellectual property,
and disconnect their sacred medicines from their spiritual and
cultural contexts (Celidwen et al., 2023).

Psychedelics have a profound potential to catalyze
psychological change and transformation and support traditional
cultures and ways of life (Pollan, 2018)*. However, many naturally
occurring psychoactive plants and animals are facing threats from
climate change, habitat loss and other anthropogenic pressures like
overharvesting. Moreover, cultural traditions associated with these
plants are being increasingly appropriated and commodified. It may
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be beneficial to consider these species in the context of a One Health
model, which emphasizes the holistically interconnected health of
people, wildlife and the environment (Mumford et al., 2023). They
can be viewed as occupying an important and dynamic interface
that interweaves ecological integrity, cultural identity and cohesion,
and human health and well-being. This makes their conservation of
vital importance not just for biodiversity and ecological functioning,
but also for the preservation of traditional healing practices,
spiritual relationships to the land, and emerging mental health
treatments. It is imperative that any conservation strategies
centered on these species must not only be ecologically sound,
but also bioculturally sensitive, co-managed with the Indigenous
communities that have deep relationships with them.

In this article we will dive deep into the conservation issues
around some of the most well-known naturally occurring
psychedelics: peyote (Lophophora williamsii), ayahuasca vine
(Banisteriopsis caapi), the Sonoran Desert toad (Incilius alvarius)
and iboga (Tabernanthe iboga) (Figure 1). We are going to examine
their biology, ecology and conservation status, and where possible
assess the sustainability of current sourcing practices and discuss
pathways for sustainability of access. Where known, we will also
describe the efforts which are being directed towards preserving
these species by Indigenous people and local communities and
discuss how we can best support or expand on these efforts.

This narrative review’s objective is to synthesize the available
literature and provide an overview of the ecology and conservation
data about four species commonly used for psychoactive purposes
(Table 1). This review is timely and important because of the rapidly
changing landscape brought about by the “psychedelic renaissance”,
bringing with it a wave of decriminalization and broad change in
the attitudes to psychedelics. This is the first review on a very
pertinent issue of conservation of naturally occurring psychedelic
plant and animal species.

Methods

To identify references for this article, we searched Google
Scholar and PubMed for publications published from January
1965 to December 2024 using the current Latin and colloquial
names (confirmed from International Plant Names Index and
AmphibiaWeb databases): “Lophophora williamsii”, “peyote”,
“Tabernanthe iboga”, “iboga”, “Incilius alvarius” or “Bufo
alvarius”, “Sonoran Desert toad”, “Colorado river toad”,
“Banisteriopsis caapi”, “caapi”. Papers in English or Spanish were
included, representing the fluent language proficiencies of the
authors. The search was supplemented by additional articles,
which were identified during the review of the bibliographies
from the papers sourced through PubMed and Google Scholar, by
the relevant books on the topic, and also a search of news articles
and other grey literature (to clearly differentiate anecdotal from
empirical evidence we have marked those with an *). References
were then selected on the basis of relevance to the content of review:
i.e. we included articles relevant to biology, ecology and
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conservation of the four species in question. We have also searched
biodiversity databases (Global Biodiversity Information Facility,
GBIF; TUCN Red list; NatureServe and AmphibiaWeb), and
ethnobotanical databases (Dr Duke’s Phytochemical and
Ethnobotanical Databases).

Case studies
Ayahuasca vine (Banisteriopsis caapi)

Ecology and biology of ayahuasca vine

Ayahuasca vine (Banisteriopsis caapi (Spruce ex Griseb.)
C.V.Morton, 1931) is a woody, evergreen tropical liana of the
Malpighiaceae family that can attain 30 m in length, with the
girth of old vines attaining up to 1m in diameter. The vine has a
reddish-brown stem and produces pink, white and off-white
flowers. It will grow in partial shade to full sun, in moist but well-
drained soils. It is a large climbing shrub that uses trees and other
plants for support when growing (Gates, 1982; Souto and Oliveira,
2012). Research is revealing that woody lianas play a particularly
important ecological role in forests in the tropics, influencing forest
regeneration, species diversity and ecosystem-level processes
(Schnitzer and Bongers, 2002). The precisenative range of this
species is difficult to determine due to extensive areas of the
Amazon rainforest being under-surveyed, and possible deliberate

10.3389/fcosc.2025.1569528

planting conducted by Indigenous groups (Gates, 1982). However,
it is reported from the rainforests of the northwestern Amazon
(Brazil, Bolivia, Colombia, Ecuador, Peru), the Orinoco Basin of
Venezuela, and Pacific coastal areas of Colombia and Panama
(Schultes and Hofmann, 1980).

While B. caapi is currently defined as a single species, this is
debated by botanists, and Indigenous groups recognize numerous
different varieties with various distinct properties and uses (Schultes,
1986; Sheldrake, 2020; De Oliveira et al, 2023). Variation among
these varieties expressed by distinguishing characteristics between
them has led some researchers to call for a reassessment of the species’
taxonomy (Oliveira et al, 2021). Biochemical analysis of these
varieties has demonstrated marked variation in the relative
proportions of harmala alkaloids (Santos et al., 2020) and there are
genetic studies underway that will shed more light on their taxonomy,
starting with sequencing, assembling, and analyzing the complete
genome of B. caapi’s mitochondrion (Chavarro-Mesa et al., 2024).
Genetic sequencing centering on Internal Transcribed Spacer (ITS)
DNA barcoding can also potentially be effectively paired with
traditional knowledge of ethnovarieties of Banisteriopsis spp., with
one study demonstrating correspondence of ITS DNA barcoding
with traditional designation of different ethnovarieties of these plants
(Luz et al, 2023). To ensure the successful conservation of this
species, further research is needed to assess this intraspecific
diversity, so that the diversity of this liana can be maintained in all

of its forms.

FIGURE 1

Four species from our case studies: (@) Lophophora williamsii, photo by A. Ermakova; (b) Incilius alvarius, photo by Rodolpho Vega Littlewood;
(c) Tabernanthe iboga, photo by Yann Guignon; (d) Banisteriopsis caapi, photo by Apollo (CC license).
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TABLE 1 Summary of key information for our case species.

Species

Family

Common name

Brief description

Range

Lophophora williamsii (Lem. ex
Salm-Dyck) J.M.Coult.

Cactaceae
Peyote, peyotl.

A small, spineless, slow-growing cactus with
rounded, button-like shape and tufts of woolly
hairs; produces pink flowers and is adapted to
arid, rocky environments.

The species is distributed in the United States in
Texas, and in Mexico in the states of Chihuahua,
Coahuila, Durango, Nuevo Leon, San Luis
Potosi, Tamaulipas and Zacatecas.

Incilius alvarius (

)

Bufonidae

Sonoran Desert toad, Colorado River toad.

A large toad species adapted to arid
environments.

Sonoran Desert: found in the lower Colorado
River and the Gila River catchment areas in
extreme southwestern New Mexico and southern
Arizona and the Mexican states of Sonora,
Sinaloa, and Chihuahua.

Tabernanthe iboga Baill.

Apocynaceae

Iboga, eboka, bois sacre.

A perennial shrub or small tree inhabiting the
tropical forest understory; grows 2-10 m tall.

Native to central Africa, including Gabon,
Cameroon, the Republic of the Congo, the
Democratic Republic of the Congo and Angola.

Banisteriopsis caapi (Spruce ex
Griseb.) C.V.Morton

Malpighiaceae

Ayahuasca vine, caapi, yage, mariri, jagube.

A large creeping liana or vine which can climb
high into the forest canopy.

Native to the Amazon basin (including Brazil,
Peru, Ecuador, Colombia, Bolivia, and
Venezuela), the Andean foothills and northeast
South America (such as Guyana, Suriname, and
French Guiana).

Natural habitat

Primarily desert scrub, thorn scrub, prefers
calcareous soils in arid, rocky areas; forms low
clusters among nurse shrubs or rocks.

Inhabits arid and semi-arid habitats near water sources.

Tropical rainforest understory.

Found in a number of habitats (e.g. forest and
woodland, shrubland, native grassland, wetlands
(inland), artificial - terrestrial) in the wet tropical
biome.

Psychoactive constituents

Primarily mescaline; and over 50 other alkaloids.

Primarily 5-MeO-DMT, trace amounts of bufotenine
and DMT; as well as toxic cardiac glycosides.

Primarily ibogaine and several other related
indole alkaloids.

Harmala beta-carboline alkaloids which act as
monoamine oxidase A inhibitors (MAOIs):
harmine, harmaline, tetrahydroharmine. These
reversible MAOIs allow orally ingested DMT
(from admixtures like Psychotria viridis) to
become active, creating the ayahuasca experience.

Reported effects

Preparation

History and ethnography

A long lasting (10-12 hour) psychedelic
experience, effects may include sensory
distortions (such as rich visual effects, and shifts
in time and space perception), euphoria and
mood changes, and insights of a personal and
spiritual nature.

The green part of the cactus is consumed fresh,
or dried - powdered and mixed with water,
sometimes combined with chocolate or fruit.

Archaeological evidence of use dating back to
3,200CE, based on the findings in Shumla cave,
Texas.

A short acting substance (15-30 mins) that
elicits a very powerful altered state experience,
associated with dramatic shifts in perspective,
sensory distortions (e.g. experience of time),
experiences of unity, immersion in white light,
and profound emotional shifts.

5-MeO-DMT secretion is expressed from the
parotoid glands of the toad, dried and then
vapourised/smoked. Toxic when ingested orally.

The first human bioassay likely occurred in the
early 1980’s, prompting the publication of a
leaflet on the toad titled ‘Bufo Alvarius: the

An oneirogenic psychedelic drug eliciting a
three-phase experience. Phase I is an oneiric
(“waking dream”) state marked by sensory
changes and vivid recall of past events, lasting 4-
8 hours. Phase II follows as a subtler,
emotionally neutral, reflective period lasting 8-20
hours. Phase III is the residual phase, with
heightened awareness, mild stimulation, and
disturbed sleep, lasting up to 72 hours post-
ingestion.

Finely ground inner root bark ingested by Bwiti
(less commonly in the form of a water-based
decoction); total alkaloid extract or pure ibogaine
may be consumed in other contexts.

No archaeological evidence identified. The Bwiti
credit the forest dwelling pygmies with
introducing them to iboga; the pygmies
themselves state it was observations of forest

By itself, B. caapi induces dreamlike experiences
visions at sufficient dosage (but usually lacking
colour), also feelings of dizziness, nausea,
sedation. When combined with a DMT
admixture plant, the ayahuasca brew produces a
4-6 hour experience characterized by vivid
visions, encounters with spirit entities, emotional
catharsis, purging (vomiting), introspection,

insights.

Stems of the vine are brewed and consumed as a
water-based decoction, most often with other
plants containing psychoactive DMT and other
ingredients.

Harmine and harmaline was identified in
Andean archaeological findings (in ancient
mummies and artefacts) dating back up to
500CE, however it is not a sufficient proof for

(Continued)
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TABLE 1 Continued

Species

Lophophora williamsii (Lem. ex
Salm-Dyck) J.M.Coult.

Incilius alvarius (

)

Psychedelic Toad of the Sonoran Desert’ with the
author using the alias of ‘Albert Most’.

Tabernanthe iboga Baill.

animals such as boar and porcupine consuming
iboga that brought it to their awareness.

Banisteriopsis caapi (Spruce ex
Griseb.) C.V.Morton

the ancient origin of ayahuasca. It is unknown
how far back in time the brewing of B. caapi
vine stretches back in the Amazonian region, but
its wider usage among various Indigenous
Amazonian groups may be a more recent
phenomenon, diffusing through the Peruvian
Amazon in the past 300 years.

Current use

Legal status

TUCN conservation status

Environmental regulations

Sacred to Huichol, Tarahumara, Cora, Raramuris
and Tepehan peoples in Mexico, and many other
Native American groups of North America - it is
a sacrament in the Native American Church;
used for healing, divination, pilgrimage, and
communal ceremonies. Deeply embedded in
cultural identity and considered a “medicine”
and a sacrament.

In more recent years, a wide variety of ointments
produced at an industrial scale have been made
widely available in Mexico.

Used in the neo-shamanic ceremonies and
retreat settings around the world.

Mescaline is a controlled substance under the
1971 UN Convention on Psychotropic
Substances. Internationally, peyote in
horticulture is mostly, although not consistently
legal. Peyote (and mescaline) are a Schedule I
drug in the U.S. Peyote is illegal federally except
for religious use by members of the Native
American Church (protected under the
American Indian Religious Freedom Act). In
Mexico the state grants the right to religious or
ceremonial consumption of peyote to indigenous
peoples. Otherwise, in Mexico, peyote is
governed by sanitary (Article 245 of Chapter IV,
General Health Law) and criminal (articles 193
to 199, Federal Penal Code) norms.

Least concern (assessed 2019).

Peyote is listed under CITES (Convention on
International Trade in Endangered Species)
Appendix II; wild peyote is protected under
environmental legislation (Official Mexican
Norm 059, Environmental Protection-Native
Mexican Flora and Fauna Species-Endangered

Recent use by several Indigenous groups (e.g.,
Yaqui, Seri), but most known from
contemporary neo-shamanic and underground
therapeutic settings.

5-MeO-DMT is internationally controlled under
national drug laws in many countries (e.g.,
Australia, UK, 5-MeO-DMT is Schedule I in the
U.S,; possession illegal federally), though not
listed under the UN Conventions. The toad itself
is not scheduled, but some states (e.g., California,
New Mexico) ban its collection or use. Legal
status varies globally; synthetic alternatives are
often treated similarly.

Vulnerable (assessed 2009).

No international conservation listing (e.g., not
CITES-listed). Protected under Mexican wildlife
law; some U.S. states ban collection or
possession. No global monitoring.

Central to Bwiti religious practices, used in
initiation ceremonies, healing, and spiritual
exploration; often consumed in high doses under
guidance of experienced practitioners, and in
smaller quantities combined with dancing as part
of communcal Bwiti gatherings. Often used in
retreat centres for the treatment of opioid and
other addictions, in the countries where it is legal
or unregulated, and in the underground setting
where it is not.

Ibogaine is controlled or banned in several
European countries (e.g., France, Switzerland,
Belgium); legal in Gabon for religious use;
unscheduled or grey area in countries like
Canada, South Africa, and New Zealand.
Increasing global attention for addiction
treatment has led to legal scrutiny. Medical use
of Iboga is permitted under health professionals’
surveillance and control in certain countries (e.g.
Brazil, South Africa).

Least concern (assessed 2018).

Not CITES-listed; iboga is protected by
Gabonese Law N. 2/94, regulating the protection
of cultural property. In Gabon, the exploitation,
harvesting and processing of iboga is banned
without prior authorization from the Water and
Forests Administration, except for village

Used by Amazonian tribes (e.g., Shipibo,
Ashaninka, Huni Kuin and mani others) in
ceremonial contexts for healing, divination,
sorcery, hunting, battling evil spirits etc.; still
central in Indigenous and mestizo traditions.
Sacrament in several syncretic religions with
fairly large following, particularly in Brazil (e.g.
Santo Daime, Unido do Vegetal). Also used in
the contemporary neo-shamanic and
underground therapeutic settings.

B. caapi itself is generally legal, but DMT (from
admixture plants) is Schedule I under the 1971
UN Convention. Ayahuasca is banned in some
countries (e.g., France, UK), tolerated or allowed
under religious exemptions in others (e.g., Brazil,
Peru, Netherlands, parts of the U.S.), and in legal
grey zones elsewhere.

Not assessed.

Not currently CITES-listed; no formal
international conservation regulation. Some local
environmental regulations in Brazil, and
elsewhere.

(Continued)
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TABLE 1 Continued

Banisteriopsis caapi (Spruce ex

Griseb.) C.V.Morton
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Lophophora williamsii (Lem. ex

Salm-Dyck) J.M.Coult.

Tabernanthe iboga Baill.

—_

Habitat loss, over-harvesting in certain areas (e.g.

around Iquitos).

Increased cultivation of B. caapi; use of botanical

alternatives; potential for regenerative

agroforestry approaches; protection of

Amazonian forest areas.

Population surveys and long-term ecological

monitoring; studies on reproductive ecology and
clonal spread; genetic and chemotypic diversity
assessments; impact assessments of harvesting

and trade; development of sustainable cultivation

models; socio-cultural research integrating local

community perspectives in conservation.

communities which enjoy their customary rights.

In national parks and protected areas, iboga

harvesting is strictly prohibited. No international

protections.

Over-harvesting, habitat loss, poaching of animal

seed dispersal vectors, climate change.

Sustainable planting of iboga; use of synthetic

ibogaine derivatives; use of botanical alternatives;

potential for regenerative agroforestry

approaches; fair-trade sourcing; strengthening of

legal frameworks.

Long-term population monitoring and

demographics; studies on reproductive and
regenerative biology; genetic diversity

assessments; impact assessments of harvesting

and trade; development of sustainable cultivation

systems; integration of local knowledge and

stakeholder engagement in conservation.

Climate change, habitat loss, pesticide use, over-
harvesting, road collisions, pathogens.

Use of pure synthetic 5-MeO-DMT; habitat

preservation; public education.

Long-term population monitoring; studies on

breeding ecology and larval survival; disease

surveillance and health assessments; genetic and
landscape connectivity analyses; quantitative

assessments of harvest impact; quantifying

demand; socio-ecological research integrating

conservation with ethical psychedelic use.

categories threatened and subject to special risk

protection).

Habitat loss due to land clearing, over-

harvesting.

Use of botanical alternatives and avoiding wild-
harvested peyote; cultivation; land clearing

salvage operations; propagation and replanting
efforts (e.g., Peyote Conservation Initiative);

Indigenous stewardship increasingly recognized.

Long-term population monitoring and

demographic studies; genetic studies; research on

sustainable harvesting levels; habitat modeling
under current and future climate scenarios;

collaboration with Indigenous communities for

co-produced conservation strategies that are both

scientifically sound and culturally acceptable.

Major threats
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Actions and efforts

Priority research
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History of human use of ayahuasca

B. caapi is referred to as ayahuasca, but this name is also applied
to a number of other species in the Malpighiaceae family (De
Oliveira et al.,, 2023), in addition to the shamanic brew of which it
may be a foundational ingredient, alongside a number of different
plant additives that vary, depending on tradition, intent and locality
(Hofmann et al., 2001; Luna and White, 2018; Kaasik et al., 2020).
In the Quechuan language, ayahuasca translates to “vine of the
soul”, while in the Tukanoan languages B. caapi also being
specifically referred to as yage.

The precise origins of the human usage of ayahuasca in
Amazonia are debated (Ruffell et al., 2023; Greco et al,, 2024),
although usage has been documented for 150 years (Spruce, 1873),
but likely predates this. Usage of the B. caapi vine seems to have
spread between different Indigenous groups in Amazonia, and it
tends to be regarded as a plant teacher with healing properties by
these groups, as well as being used for other purposes like sorcery,
hunting, finding lost objects, mediating social disputes, and
understanding ecological rhythms and animal behavior (Luna,
1984; Luna and White, 2018). In the 1930s, use of the vine left
the rainforest setting to find usage in urban centers in Brazil within
religious contexts, adopted by syncretic churches such as the Santo
Daime, Barquinha, and Unido do Vegetal (Labate and Jungaberle,
2011; Labate and Cavnar, 2014). Today there is a growing global
interest in ayahuasca, particularly among Westerners seeking it for
emotional healing, personal insight and growth, and spiritual
experiences, with people travelling to South America to
experience it (Winkelman, 2005; Duran, 2023).

B. caapi tends to be considered as the central part of the ayahuasca
brew by the Indigenous groups that use it in Amazonia, and some
groups consume brews made exclusively with B. caapi vine. It harbors
a number of beta-carboline alkaloids that act as monoamine oxidase
inhibitor (MAOI) compounds, including harmine, harmaline and
tetrahydroharmine. These impart a direct psychoactive effect, while
also allowing the psychedelic compound N,N-Dimethyltryptamine
(DMT) to be orally activated; otherwise DMT is rapidly broken down
by MAOI enzymes (Egger et al,, 2024). B. caapi is frequently brewed
and ingested alongside DMT-containing admixture plants, including
leaves of Psychotria viridis (chacruna) or Diplopterys cabrerana
(referred to chaliponga or chagropanga) in different parts of the
Amazon. Use of this plant is undergoing a rapid global expansion
and is generating increasing biomedical research attention (Ruffell
et al, 2023). A recent report indicates that over 4 million people
worldwide have consumed ayahuasca in their lifetime, with only about
10% representing Indigenous communities. In 2019, it is estimated
that 820,000 people used ayahuasca, with around five and a half
million servings being consumed (Alvarez and Mazarrasa, 2023)*,

Conservation of ayahuasca

While B. caapi is not listed or assessed by the International
Union for Conservation of Nature (IUCN), there is anecdotal and
now academic evidence that its populations are being depleted in
various parts of Amazonia (Coe and Gaoue, 2023). In Peru in 2008,
ayahuasca (and its ceremonial shamanic usage) was designated as
being part of Indigenous cultural heritage, which seeks to protect it
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and its usage in this context (Giove, 2022). Ayahuasca vine faces a
number of threats, including over-harvesting to supply a growing
global demand for the plant (including a rise in Amazonian
ayahuasca tourism), deforestation of its rainforest habitat (due to
conversion to agriculture, resource extraction and infrastructure
projects), and an erosion of traditional Indigenous knowledge
encompassing sustainable management of the plant due to
growing cultural displacement and commercialization. Threats to
it also vary by location, with B. caapi in Colombia threatened by coca
cultivation, oil extraction, expansion of cattle farming and
agriculture and the fragmentation of Indigenous territories
(Mowbray, 2022). Commercialized ayahuasca tourism in Peru may
also have other detrimental conservation impacts, potentially being a
driver of the trade in jaguar body parts (Braczkowski et al., 2019).

B. caapi takes a minimum of five years growing time before it is
ready for harvesting or re-harvesting (Kilham, 2018; Meyer, 2021)%,
although older and more mature vine is more highly prized to meet
the global demand. Interestingly, traditional harvesting methods
practiced by the Indigenous peoples throughout Amazon include
mainly harvesting smaller lianas (<2.5 cm in diameter) (Coe and
Gaoue, 2023). Diminishing wild populations of B. caapi in some
regions is evidenced by local shortages, rising prices of harvested
vine, harvesters being forced to travel further to locate the vine, and
a decreasing size (and age) of the vine being harvested (Kilham,
2018; Alvarez, 2020)*. Concerns about the overharvesting of B.
caapi vine were recently raised by over a hundred Shipibo-Conibo
shamans from the Ucayali region of Peru at a meeting centered on
Indigenous knowledge, forest and territory protection, and the
future of spiritual tourism in the region (Carreon, 2024)*.

Only one study in the Peruvian Amazon has examined the
effects of harvesting caapi lianas on their demography and
population dynamics. Coe and Gaoue (2023) report that B. caapi
populations were resilient to low harvesting pressure, indicating
that some level of harvesting can be tolerated. They found that
harvesting negatively affected size-dependent survival, with larger
lianas experiencing higher mortality under high harvest pressure
compared to smaller lianas. Under high harvest pressure, smaller
lianas had better survival rates than those in low harvest pressure
populations. Harvesting did not influence clonal or sexual
reproduction, but fertility was size-dependent. Long-term
projections estimated in this study suggest a decline of B. caapi
populations by 1.3% under high harvest pressure, while populations
under low harvest pressure are expected to grow by 3.2%. In the
short term, all populations experienced significant declines, with
high harvest populations dropping by 26% annually and low harvest
populations by 20.4%. They conclude that for sustainable
management, prioritizing the survival of larger lianas and
vegetative reproducers is critical, especially in high harvest
systems facing multiple stressors (Coe and Gaoue, 2023). Further
research has highlighted that in some instances, ayahuasca using
groups can also potentially play a protective role, with Brazilian
ayahuasca-using groups having been reported to play a role in
maintaining a significant portion of B. caapi diversity in that region,
acting as “guardians” of the plant (De Oliveira et al., 2023).
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Iboga (Tabernanthe iboga)

Ecology and biology of iboga

Iboga (Tabernanthe iboga Baill. 1888), sometimes also referred
to as eboga or eboka is an evergreen perennial shrub that is a
member of the Apocynaceae family, native to the tropical
rainforests of central Africa, reported from Gabon, Cameroon,
Angola, the Republic of Congo, and the Democratic Republic of
Congo. It grows in the understory of these forests, requiring moist
soils and partial shade. Iboga is primarily applied to the species
Tabernanthe iboga but may also encompass other species such as
Tabernanthe manii (Tonye et al., 2000). Iboga has been translated
as “to heal” or “to care for” from various Indigenous dialects in the
Congo basin (Dickinson, 2016). Mature plants can attain a height of
1-2 meters but can potentially grow to height of 10 m in some cases
and they produce yellow blossoms and oblong orange fruits after
their first year of growth (Dickinson, 2016). These fruits are
consumed by a number of animals such as elephants and gorillas
which in turn act as seed dispersal vectors for the plant (Cousins
and Huffman, 2002).

The inner root bark of the plant is the most highly prized part of
it, harboring the highest concentrations of a range of iboga
alkaloids, with ibogaine being considered the primary of these.
Ibogaine levels have been found to vary widely from 0.27%-10% by
weight of the root bark (Bouso et al., 2020; Iyer et al., 2021). Levels
of ibogaine are thought to be influenced by a range of different
factors, including age of the iboga plant, soil, symbiotic associations
with other trees, and possibly other factors, with further research
needed to elucidate these (Ermakova, 2021). Iboga takes a
minimum of 5-6 years to mature (but possibly up to 7-10 years),
but older plants are far higher yielding, with a 20-30-year-old plant
potentially capable of yielding 1-2 kg of root bark in comparison to
a five-year-old plant which can yield 250g of root bark
(Ermakova, 2021).

History of human use of iboga

Iboga is used as a medicine and sacrament and forms a central
aspect of the spiritual tradition of the Bwiti which is most
prominent in Gabon (Ravalec and Mallendi, 2007). The
emergence of Bwiti among the Fang people of West Africa
occurred around the turn of the 20th century, although its use by
other groups likely predates this, with the precise origin of usage
being unclear. According to Bwiti legends, the Pygmies first
discovered iboga by observing animals such as boar digging up
and consuming the roots of the plant and observing shifts in their
behavior (Pope, 1969). Iboga is used ritualistically by the Bwiti as a
single large initiatory dose, for initiates to connect with ancestors
and seek guidance on their life, and also in much more modest
amounts in weekly masses, or ngoze, where it is tied to ceremonial
practices and dances. In small doses it may also be used to counter
fatigue and enhance performance (Fernandez and Fernandez, 2001;
Ndoua and Vaghar, 2018). It has been referred to as a cultural
keystone species, given that it holds exceptional significance to a
culture or people (Quiroz and Andel, 2018).
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Outside of its central African context of usage, ibogaine’s ability
to reduce opioid withdrawal and interrupt addiction was discovered
by Howard Lotsof in 1962, with Lotsof being an outspoken
proponent for its potential in this regard (Brown and Alper,
2018). There is a growing global interest and demand for iboga,
principally due to ibogaine’s application as an addiction
interrupting agent (Kock et al, 2022). Beyond its application in
addiction treatment, there is also a growing global interest in iboga
use for psychospiritual purposes or other mental and physical
health problems (Cherian et al., 2024). Depending on the context
of usage, it may be ingested in the form of ibogaine hydrochloride
(primarily in an addiction treatment context), a total alkaloid or full
spectrum alkaloid extract, or inner iboga root bark (the form
consumed by the Bwiti) (Faura and Langlois, 2019, 2020, 2021)*.

Conservation of iboga

T. iboga is currently designated on the JUCN Red List of
Threatened Species as being of “least concern” (Group, 2019)
although there is a lack of detailed biological assessments of its
wild populations available, and there is also a lack of knowledge
pertaining to other members of the Tabernanthe genus, or what
subspecies or varieties of T. iboga there might be (Tonye et al,
2000). Iboga faces several threats, including overharvesting, habitat
loss due to deforestation, poaching of animals that act as seed
dispersal vectors, and climate change (with associated shifts in
temperature and rainfall patterns) (Ermakova, 2021). Complex
political and economic factors in the countries where it is found
are also a source of concern for its populations, and pressure from
growing international export is a growing issue (Towns et al., 2014).
Iboga fruits are eaten by elephants, with seeds distributed along
their forest trails, and this puts them at risk of poaching to supply
the ivory trade by some seeking to harvest iboga (Dickinson, 2016).

A reduction in iboga availability is evidenced by an 800% increase
in the price of iboga in Gabon over the previous decade (Nuwer,
2023). The Gabonese branch of the Wildlife Conservation Society in
Libreville has expressed concerns about unsustainable harvesting of
iboga for export (Towns et al, 2014). A scarcity of iboga within
Gabon to supply Bwiti needs has resulted in mixingof iboga root bark
with outer root bark or whole root (Dickinson, 2016) and other plants
being misrepresented and sold as iboga which can pose health risks
(Gicquel et al., 2016). Three reports centered on the status of T. iboga
in Gabon led by the International Center for Ethnobotanical
Education, Research and Service, ICEERS (Faura and Langlois,
2019, 2020, 2021)*, based on interviews with the international
ibogaine community and local Gabonese stakeholders state there
has been a sharp rise in the global consumption of iboga and
production of ibogaine is a serious concern, leading to issues with
poaching and unsustainable harvesting to supply an international
export demand. This is confirmed by a recent report by the
INTERPOL, where additionally an analysis of the online markets
and illegal smuggling networks operating out of Gabon is provided
(INTERPOL, 2023). ICEERS in 2019 documented over 80 ibogaine
clinics across the world. Mexico is leading in the number of clinics/
retreats, where ibogaine treatment is also frequently combined with
toad-derived 5-MeO-DMT (Davis et al., 2023).
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As of 2019, Gabon’s Ministry of Agriculture designated it illegal
to export iboga from the county unless it has been cultivated on
private land, supported by permits from the Ministry of Forestry
and the Environment (Nuwer, 2023). Moreover, the Gabonese
government requested to place iboga under the jurisdiction of the
United Nations Convention on Biological Diversity (1992) and, by
extension, the Nagoya Protocol on Access to Genetic Resources and
the Fair and Equitable Sharing of Benefits Arising from their
Utilization to the Convention on Biological Diversity.

Iboga was freely available in the forests from where it was
harvested by the Bwiti, meaning there wasn’t a need to cultivate it,
and to date very little assessment of iboga cultivation and
propagation practices have been undertaken with T. iboga in
Central Africa (Faura and Langlois, 2019, 2020, 2021)*. However,
in some instances, iboga plants have been cultivated adjacent to
Bwiti temples (Dickinson, 2016). In 2000, under Gabonese
president Omar Bongo (himself an iboga initiate) the Council of
Ministers of the Republic of Gabon declared T. iboga a national
treasure, or “cultural heritage strategic reserve.” It is legally
protected by a number of laws including the Convention on
Biodiversity (Rio 1992, ratified in Gabon in 1997), Law for the
Protection of Cultural Goods (December 10, 1994), and the Nagoya
Protocol (Signed in Gabon in July 2012); in spite of this,
overharvesting continues (Nuwer, 2023).

The first scalable and economically feasible method for ibogaine
synthesis has recently been developed (Iyer et al., 2025). But before
its use becomes widespread,any manufacturers of ibogaine derived
medications or those seeking iboga for psychospiritual purposes
should ensure they source sustainably cultivated iboga, to ensure no
further pressure is placed on wild populations of the plant.

Iboga root can potentially be harvested in a more labor-
intensive manner without killing the plant, with a portion of the
roots excavated, while some are left intact, and the soil cover
replaced. The iboga plant will survive, although future growth is
likely to be stunted, with a minimum three-year recovery time
recommended (Ermakova, 2021)*. However, the roots are
commonly harvested in their entirety, with the whole plant
uprooted (Tonye et al., 2000). Plants could provide numerous
cuttings, which could potentially be propagated using hydroponic
or aeroponic techniques for subsequent planting, although there is a
lack of research on this form of iboga cultivation, and collaboration
between cultivators could be advantageous. This could also be a
viable means of propagating any favored or high
yielding specimens.

Sonoran Desert toad (Incilius alvarius)

Toad biology and ecology

Incilius alvarius (formerly Bufo alvarius (Girard, 1859), known
as the Sonoran Desert toad or Colorado river toad) is native to
northern Mexico and the southwestern United States (Frost et al.,
2009; Frost, 2025). These toads can live in different habitats from
desert to dry meadows and forests in mountain canyons in the
riparian areas within the Sonoran Desert (Holycross et al., 2022).
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The Sonoran Desert toad is the second largest anuran in North
America, after the cane toad (Rhinella marinus). They grow up to 19
cm, weigh up to 900 g and can live for over 15 years. They have
prominent cranial crests, relatively smooth skin colored olive,
brown or grey on the top of the body, with a creamy-white
underside. Recently metamorphosed toadlets are tan to green
with orange or red spots on the dorsum. I alvarius have very
distinctive glands: large, kidney-shaped parotoid glands, white
glands or tubercles under the parotoid glands, and large, lumpy
glands on sides of the limbs (Holycross et al., 2022). L. alvarius is a
dietary generalist, known to eat wasps, ants, beetles, centipedes,
millipedes, spiders (including tarantulas), scorpions, lizards, mice,
and smaller toads (Luccioni et al., 2023).

These anurans have a fascinating natural history: most of their
life is spent underground, where they aestivate for nine dry months
every year. From May, before the onset of summer rains, they
emerge from their burrows. They are nocturnal during the hot
summer months. As the rains start, they move towards seasonal or
permanent water sources such as springs, pools, cattle tanks, and
irrigation ditches to start breeding (Fouquette et al., 2005). Males
form choruses and emit low-pitched toots to attract females
(Sullivan and Malmos, 1994). The species congregates in large
numbers, with nearly all reproduction of a local breeding
population occurring in a single night. Females may lay up to
around 8,000 eggs in long strands. The time required for hatching
and metamorphosis is presumed to be around 6-10 weeks
(Frost, 2025).

Toad secretions/5-MeO-DMT

Sonoran Desert toads have extremely potent defensive toxins
that are released from several glands (primarily the parotoids) in
their skin. When threatened, the toads inflate their body, hiss and
orient their glands towards potential predators. Milky-white toxin
contains bufadienolides, which are cardiac glycosides, tryptamines
(e.g., bufotenine, 5-MeO-DMT), various catecholamines such as
epinephrine and norepinephrine, and non-cardioactive sterols
(Erspamer et al., 1967; Cei et al, 1972). Eating the toads can be
lethal - there are documented cases of death and paralysis in dogs
(Stebbins, 2003). In summer months, when the toads are active,
these toxic secretions act as a potent deterrent for most predators,
except for indigo and garter snakes (which appear resistant to these
toxins) or raccoons who have learnt to bypass their strong chemical
defenses by flipping the toads on their back, thus avoiding the
glands (Wright, 1966; Gutierrez-Gonzalez et al., 2006).

What is unique about the Sonoran Desert toad is that it is the
only animal species known to secrete a highly potent psychedelic, 5-
Methoxy-N,N-dimethyltryptamine (5-MeO-DMT). 5-MeO-DMT
content of toad “venom” (as toad secretions are colloquially
known in psychedelic circles) ranges from 15-45% of dry weight
(Erspamer et al., 1967; Cei et al., 1972; Uthaug et al., 2019; Schwelm
etal, 2021), making it the most potent known natural source of this
compound. A toad yields about 0.25-0.50 g of dried secretion from
a “milking session,” or about 75 mg 5-MeO-DMT. Why or how
these toads produce 5-MeO-DMT is not known. It could be
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produced endogenously, as it is arguably produced in humans
and rodents (reviewed in (Ermakova et al., 2021a) or acquired via
skin microbial symbionts. A recent study by Luccioni et al. (2023)
indicates that it is unlikely 5-MeO-DMT is sequestered from
specific dietary elements (such as toxic ants and beetles), because
this toad’s diet does not differ from other sympatric anurans - unless
it was through consumption of particular plants or fungi as the
authors could not identify/compare plant or fungal matter in their
analysis (Luccioni et al., 2023).

History of human use of toad secretions
5-MeO-DMT is arguably one of the most potent psychedelic
substances, with a unique phenomenology, and various
epidemiological surveys and field studies of naturalistic use
indicate that it has therapeutic potential for a variety of mental
health problems (Davis et al., 2018, 2019; Uthaug et al., 2019).
Toads feature a lot in the Meso- and North- American
iconography, and remains of various toad species have been
found in many archaeological sites, however, they likely have
symbolic value or were used as food (Whyte and Compton,
2020). For example, in Aztec and Mayan cultures, toads were
associated with rain deities and agricultural fertility due to their
amphibious nature, with their breeding coinciding with the arrival
of the rains. There is no archaeologically confirmed or documented
use of Incilius alvarius for entheogenic purposes (Horak et al., 2019;
Bernal, 2024). Human use of “toad venom” for psychedelic
purposes dates to the publication by Albert Most (a pseudonym
of Ken Nelson) of a booklet titled “Bufo alvarius: The psychedelic
toad of the Sonoran Desert” in 1984 (Nelson) 1984; Morris, 2021)*.
For several decades after that, smoking toad “venom” remained a
very obscure, underground activity known among psychonauts but
not the mainstream public - to the extent that 5-MeO-DMT was
not classified as a Schedule I drug in the USA until 2011. Ralph
Metzner was one of the first practitioners who described the use of
toad “venom” for ceremonial/medicinal use (Metzner, 2013). A key
player responsible for both increasing the popularity of “toad
medicine” and propagating the myth of the ancient indigenous
traditional use in Mexico was Octavio Rettig (Greef, 2022)*. In the
early 2010s, he started administering 5-MeO-DMT to people with
addictions, while falsely marketing it as an ancestral medicine of
first the Seri (Comca’ac) people of Mexico, and then the Yaqui
(Bello, 20215 Ortiz-Bernal, 2024). The Seri, and several other
indigenous communities (e.g. The Tohono, and recently the
Mayo) are divided, as some profit from the resulting psychedelic
tourism, while others resent this misrepresentation. The Yaqui
(Yoeme) are actually the only Indigenous tribe in Sonora that has
not incorporated toad secretion into any form of ceremonial or
medicinal practice, at least not in any organized, traditional, or
community-sanctioned way. While the toad holds symbolic
importance within the Yaqui cosmovision, its significance is not
tied to its psychoactive secretions, but rather to its ecological and
spiritual role within the broader natural world. Yaqui leaders and
elders responded by firmly rejecting and resisting these efforts,
emphasizing that such practices were not part of their traditional

frontiersin.org


https://doi.org/10.3389/fcosc.2025.1569528
https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org

Ermakova and Gandy

lifeways. This stance reflects a clear refusal to adopt externally
imposed narratives that misrepresent or distort their cultural
heritage. Unlike other communities in the region that have
become divided over this issue, the Yaqui have maintained a
unified position of cultural integrity and refusal to commodify the
toad in this way (Ortiz Bernal, 2025, personal communication).In
the last decade the popularity of “toad medicine” has soared, with
celebrities such as Mike Tyson and Hunter Biden publicly
acknowledging using 5-MeO-DMT, advertising it as a life-
changing experience. At the same time, multiple clinical trials
with synthetic 5-MeO-DMT are ongoing, testing it as a potential
treatment for a range of mental health conditions, such as
depression, addiction or bipolar disorder, with promising
preliminary results (Reckweg et al., 2022). However, it might take
decades for sufficient evidence of safety and efficacy to be obtained
before it is re-scheduled or becomes accessible legally via healthcare
providers. In the meantime, countless retreat centers operating in
Mexico and around the world offer ceremonies with “toad venom”.
Likewise, there is a proliferation of psychedelic churches, claiming
religious freedom to use it as a sacrament (Londono, 2024)*.
Bufotoxin is available for purchase from the dark web, and
through other underground channels (Stringham et al,, 2023).
The growing demand for toad secretions leads to all sorts of
potentially unsustainable harvesting practices that could have
disastrous effects on the toads (Villa, 2023).

Unfortunately, due to the clandestine nature of the market, it is
very difficult to estimate the extent of harvesting practices, the
amount of toad “venom” available on the market, or even the
number of people consuming 5-MeO-DMT derived from the toad
in comparison to synthetic (as most population surveys, assuming
they specify 5-MeO-DMT at all, do not distinguish its origins).

Conservation

Although the International Union for Conservation of Nature lists
this species as of “least concern,” the lowest category of risk, the latest
assessment was conducted in 2004 (Group. ISAS, 2022), and very likely
does not reflect the reality of the current situation. In the USA, the
toads are likely extirpated from California, declining in New Mexico
and vulnerable in Arizona (NatureServe, 2002; Thompson et al., 2016).
This species is not listed in Mexico among species at risk or protected
by the NOM-059 (Dominguez-Sanchez, 2020).

Amphibians are the most threatened vertebrate class, imperiled by
a variety of interacting threats: climate change, habitat loss, a global
pandemic of chytrid fungus (Batrachochytrium dendrobatidis) and
ranavirus, water contamination and urbanization. Many of these
threats affect the Sonoran Desert toad. I. alvarius is vulnerable to the
effects of climate change, as the species depends on the presence of
permanent and temporary water sources for their breeding and tadpole
habitat — and climate in the Sonoran Desert is predicted to become
hotter and drier over time (Albuquerque et al, 2024). Through the
effects of climate change alone the range of L alvarius is forecasted to
shrink by 23% (Stefanick and Miles, 2023)*. Many toads are killed by
road traffic because they are often found at night on the roads, catching
insects attracted by streetlights (Blais et al., 2024). Chytrid fungus has
been devastating amphibian populations worldwide, however, until

Frontiers in Conservation Science

10.3389/fcosc.2025.1569528

recently it was assumed that the environment of the Sonoran Desert
was too hot and dry for it to survive. Unfortunately, recent studies
confirmed the widespread presence of chytrid in parts of the Sonoran
Desert, although the infection rate of I alvarius in the populations
sampled was low, at ~6% (Roth et al., 2023).

On top of everything else that threatens toad populations, the
demand for the toad’s secretion and resulting poaching could lead
to its population collapse, as already happened in at least one
location in Sonora (Villa, 2023). “Milking” toads for their secretions
is often presented as a sustainable practice, because they can
regenerate their secretions in a few weeks. At a cursory glance
catching toads, expressing their glands and then releasing them is
not the same as killing them - but it is still a stressful event that can
negatively influence reproduction, immune function and growth
(Walls and Gabor, 2019). In the past, when demand was much
lower, and toads were mostly caught for personal use or very small-
scale business operations, it could have been argued that the impact
of this on the individuals was small - however, these practices do not
scale well. While there is no quantitative data regarding the extent of
ongoing harvesting, nor about the demand for toad secretions, the
reports from the journalists and researchers working in the field
indicate alarming trends (Romero, 2022% Peterson, 2023; Ortiz-
Bernal, 2024). Thousands of toads are likely removed from their
habitat every year. This is often done by low-paid workers who
drive around and collect toads, put them in sacks and deliver them
to a centralized place where they are milked repeatedly. Toads from
different populations and geographical areas are mixed together,
and kept in suboptimal conditions, thus facilitating the spread of the
pathogens and intensifying their stress. Eventually toads are
released outside, often into some random site far away from
where they were harvested. Toads, like many amphibians, exhibit
breeding site fidelity. When relocated, even to a suitable habitat,
they need to reorient themselves, find water and shelter and
compete with all the other toads already present, all the while
being defenseless from predators — so relocation is often fatal for a
long-lived, territorial animal (Germano and Bishop, 2009).

Is there an ethical way to obtain “toad venom”? There are
commercial initiatives (often operating in the grey areas of legality)
advertising ‘ethical’ breeding programs — but there are no standards
to evaluate these claims due to their clandestine nature. Moreover,
unlike with plants, captive breeding and care for these toads is
complicated (Villa, 2023).

Peyote (Lophophora williamsii)

Peyote biology and ecology

The genus Lophophora (family Cactaceae) consists of the four
accepted species that are morphologically and chemically distinct
(Chan et al, 2021). Only one of them, L. williamsii (peyote in
English and Spanish, peyot] in Nahuatl, hikuli in Huichol, huaname
in Tarahumara) contains the psychoactive alkaloid mescaline, and it
is this species we are going to focus on here.

Lophophora williamsii (Lem. ex J.F.Cels) ].M.Coult., 1894, is a
small, spineless cactus native to Texas and Mexico. The plant can
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grow alone, or in clusters of multiple crowns. Where it is abundant,
it forms carpet-like “planchas”. The cacti are about 2-7 cm in height
and 2-12 c¢m in diameter. They often feature prominent vertical
ribs, in a Fibonacci progression — 5, 8 or 13. The number of ribs
correlates with the age and size of the plant: young plants usually
have 5 ribs, while adults have 8 or 13. The growth rate of the plants
of L. williamsii is very slow and they require more than 5 years to
reach a diameter of 15 mm in the natural environment. Peyote is a
very long-lived plant and can survive decades. The growth rates of
the plant vary markedly with environmental conditions, and when
cultivated optimally it is possible to accelerate it considerably. Stems
are blue-green in color, although stressed plants sometimes have a
purplish tint. From the cusp areoles, a tuft of soft, yellowish, or
whitish woolly hairs emerges. Their flowers are pink, occasionally
reddish, and bloom during the day. Flowering occurs sporadically
during March-August and is followed by the appearance of small
pink fruits measuring 1.5 to 2 cm in length. The fruits contain black,
pear-shaped seeds, which are 1 to 1.5 mm long and 1 mm wide
(Rojas-Arechiga and Flores, 2016). Peyote seeds have the potential
to maintain a persistent seed bank. Germination of the seeds
requires hot, humid conditions and shade (Mandujano et al,
2020). In addition to sexual reproduction, peyote can reproduce
vegetatively. In the latter case, another crown grows from the base
of the stem. This usually happens in response to some kind of
damage, like herbivory or cutting of the crown of the plant during
harvesting. Peyote plants germinate and grow in the shade of shrubs
which provide a favorable microclimate (these are known as nurse
plants, or in the absence of plants, nurse rocks must suffice)
(Schwertner-Chardo et al., 2022). No studies have examined
pollination and seed dispersal in the wild populations.

Despite the body of research pertaining to this plant (in the field
of anthropology and studies of its traditional use) the studies on its
ecology are rare and very little is known about its natural populations,
so we do not have a clear picture of the population dynamics,
structure or spatial interactions (Rojas-Arechiga and Flores, 2016).

The geographical range of L. williamsii extends across the
Chihuahuan Desert, covering much of central and northern
Mexico and reaching the Trans-Pecos region of western Texas. It
also occurs within several Texas border counties in the ecological
region known as the Tamaulipan Thornscrub of South Texas.
However, it is important to note that despite this seemingly wide
range, in practice it grows only in certain parts of that range - its
distribution is very clustered (Anaya and Rubio, 2010; Ermakova
etal., 2021b). Anthropogenic pressure has considerably reduced the
number of peyote cacti in the wild, to the extent that the species is
now depleted from several areas, and many populations along its
distribution range no longer exist (Brisefio-Sanchez et al., 2020).

Only one study to date has examined peyote’s response to
harvesting (Terry et al., 2011, 2012, 2014), indicating that although
peyote can regenerate well because it produces more crowns in
response to harvesting, even if the harvesting has been done
correctly, i.e. leaving subterranean stem and root intact, it takes
about 8 years for the re-growth to reach the same size as the
originally harvested crown.
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Mescaline

Peyote contains over fifty different alkaloids, including
pellotine, anhalonidine, tyramine, and hordenine (Anderson,
1996). Certain alkaloids appear to lack direct pharmacological
activity but amplify the effects of mescaline (Dinis-Oliveira et al.,
2019). Some of these provide a bitter deterrent to herbivory (quite
successfully, as most animals, except for certain terrestrial snails and
humans avoid it), and evoke various unpleasant physiological effects
like vomiting, dizziness, sleepiness and others (Poulie et al., 2023).
Peyote’s psychoactive properties are primarily attributed to the
alkaloid mescaline, with about 90% concentrated in the
chlorophyll-rich (chlorenchyma) layer of the cactus’s aerial stem,
or crown. In L. williamsii, the highest mescaline concentration is
found in the crown, decreasing tenfold in the subterranean stem
and a further tenfold in the root structures (Klein et al., 2015). It is
widely believed that mescaline concentration usually correlates with
the size/age of the plant. Thus, 13-ribbed plants are more desirable
for harvesting — however at least one of the studies looking at Texan
peyote did not find this to be true (Newbold et al, 2020). The
concentration of mescaline in peyote crowns ranges from 1-6%, and
a typical dose is 4-12 crowns (Anderson, 1996).

Cultural history/Indigenous use

The ritual use of peyote in the Americas dates back over 5,000
years to prehistoric times. Evidence of peyote in ceremonial
contexts has been discovered at Cuatro Ciénegas in Coahuila,
Mexico, dating back to 810 to 1070 A.C. It was used in Monte
Alban (Oaxaca) in 200 B.C. and in Colima in 100 B.C (Hofmann
et al., 2001). The earliest records come from Shumla Cave in Texas
(El-Seedi et al., 2005; Terry et al., 2006), where plant remains were
discovered alongside other shamanic artifacts such as ritual deer
scapula rattles, bone rods, scrapers, and incense-filled tubes.
Numerous Mesoamerican cultures, including the Maya and
Aztecs, were known to use peyote (Carod-Artal, 2015). Peyote
can rightly be considered a ‘cultural keystone species’, i.e. a
species of exceptional significance that can influence social
systems and culture and be a key feature of a community identity
(Garibaldi and Turner, 2004).

The Tarahumara, Tepehtian, and Huichol peoples of northern
Mexico use peyote in ritual and healing ceremonies. Peyote rituals
remain integral to Huichol culture, highlighted by their annual
pilgrimage from the western Sierra Madre to Wirikuta, the sacred
peyote site in Potosi. This journey involves spiritual purification,
abstinence rites, and ceremonial practices, such as shooting arrows
into the first harvested cactus and offering it corn as a tribute
(Schaefer and Furst, 1996). In the USA and Canada, peyote is used
in the context of a pan-tribal syncretic Native American religion
with the cactus playing a central sacramental role (Stewart, 1987).

Complexity of peyote politics

Mescaline has been known and synthesized since the late 19™
century. Since then, in particular in the 1920s-1950s, it was used in
multiple clinical trials, until it was eclipsed in research by a better-
tolerated and more potent LSD in the 50s and subsequently banned
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together with many other psychedelics (Jay, 2019). Both mescaline,
and the peyote cactus are categorized by the U.S. Drug Enforcement
Agency (DEA) as Schedule I controlled substances, which is defined
as those substances with a high potential for abuse and no currently
accepted medical use. An exception to this has been granted to the
Native American Church (NAC), and its members are the only
people legally permitted to buy, transport and consume peyote as
part of “bona fide religious ceremonies”. It took Native Americans
decades of legal struggle and court cases to defend their rights to this
medicine and sacrament, and was only passed into law in 1978, with
the American Indian Religious Freedom Act Amendments in 1994
providing legislative protection for religious practices of the NAC
(Maroukis, 2012; Feeney, 2016). The Diné roadman Steven Benally
recently estimated that there are presently over 50 tribes and
~400,000 NAC members who use peyote as a sacrament, and
each chapter of the NAC has its own regulations (Pollan, 2021).
It is worth noting that these laws only allow federally recognized
Native American tribes to use peyote and don’t apply to the broader
group of Indigenous people in the US.

In Texas, a curious system exists where peyote is harvested and sold
to the NAC by the dealers licensed by the DEA (for detailed description
and historical outline of how it came to be see (Terry and Trout, 2017),
and there are currently ~2-5 dealers in operation (the number changes
slightly on a year by year basis). Sales records indicate that
approximately two million crowns of peyote have been sold per year
from 1986 until 2000, and that numbers were declining to about 1
million per year by 2016. Data on sales and distributors were easily
accessible from the Texas Department of Public Safety until 2016, when
keeping of these records was transferred to the DEA (making them
virtually impossible to obtain) (Ermakova et al, 2022). In Texas, all
legal harvesting happens in the Tamaulipan thorn scrub ecoregion.
There are also anecdotal reports of Mexican peyote being smuggled
into the USA to then be sold legally via distributors to the NAC or
illegally to whoever else.

UN drug conventions only list mescaline, thus in most of the
world except for the USA, it is legal to grow and cultivate L.
williamsii as long as it is for horticultural purposes. In Mexico
peyote regulation occurs at the intersection of several legislations:
environmental protection, drug control and Indigenous interests
(Labate and Feeney, 2016; Guzman and Labate, 2019).

Conservation

Despite its wide distribution, L. williamsii has been declared as a
vulnerable species by the International Union for Conservation of
Nature (IUCN) Red List (Terry, 2017), and in Texas it is considered
imperiled (threatened) (NatureServe, 2020)*. The Government of
Mexico classifies peyote as a species subject to special protection
through the Official Mexican Standard, the fourth and most lax
category (NOM-059-SEMARNAT-2010). The whole family of
Cactaceae (with several exceptions) is included in the Convention
on International Trade in Endangered Species of Wild Fauna and
Flora (CITES) appendix II, making trade of wild-harvested plants
illegal (Goettsch et al., 2015).
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While Mexico hosts larger peyote populations than Texas, these
are not immune to anthropogenic pressures, where they face similar
threats, such as habitat loss, climate change, and overharvesting
Rojas-Arechiga and Flores, 2016). Moreover, Indigenous
communities in Mexico, such as the Wixarika, depend on peyote
for their cultural practices (Schaefer and Furst, 1996), adding to the
urgency of conservation efforts. Without significant action, both
Texan and Mexican peyote populations are at risk of further decline,
threatening both ecological and cultural heritage.

Texas

Possibly the greatest threat to peyote in Texas is land-use
change. The native Tamaulipan thorn scrub, where peyote
thrives, is being rapidly cleared for urban development,
agriculture, pasture improvement, and energy infrastructure,
including oil, gas, and wind power. Overharvesting is another
major pressure, particularly if the harvesting is done improperly,
by cutting too deep into the subterranean stem or taking the whole
cactus with the root attached (Terry and Mauseth, 2006). In Texas,
the situation is dire, with many wild peyote populations depleted -
shortages have been reported since the 1980s. Entire populations
have been eradicated in some areas due to land clearing, often
involving bulldozers that remove not just the peyote but all of the
native brush.

Native/Indigenous peyote practitioners are concerned about the
recent wave of decriminalization of psychedelics, and some have
actively campaigned to have peyote (and even mescaline) explicitly
excluded. They cite concerns that decriminalization could lead to an
increase in poaching of this already scarce cactus (e.g. see Navajo
Nation Council’s Resolution 0141-24, 2024). However, this is
unlikely to happen, at least when it concerns infrequent non-
ceremonial peyote users for various reasons: a) peyote in Texas is
found almost exclusively on private land, trespassing on which can
be very dangerous if the owners are present; b) it is hard to find
unless one has inside information on where it grows; c) peyote
tourism can be conducted much more cheaply, easily and safely in
Mexico (and this is where it happens in practice, regardless of
legality) (Guzman and Labate, 2019; Basset, 2016). In contrast, in
Texas, when poaching occurs, it is done by the locals, who have
extensive knowledge of where it can be found. However, cultural
appropriation and commercialization are a very valid concern, it
being disrespectful when people organize ceremonies for personal
profit and gain. Many Native Americans oppose recreational use,
sale of the ceremonies and appropriation of their rituals, but
especially commercial entities like pharmaceutical companies or
commercial growers coming to cash in on their sacred plant. Many
Native Americans regard existing criminal legislation as a means to
safeguard their sacred plant and cultural traditions (Sahagin, 2020)
* and prefer to implement their own nation-wide strategy, driven by
Native American people, to protect, conserve and ensure the
spiritual and ecological sustainability of peyote. This is considered
preferable rather than having to rely on the existing environmental
protection pathways (e.g. listing a species under the Endangered
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Species Act), although specific details of it have not been publicly
known (Jaeger, 2021; Golden, 2022)*.

Mexico

In Mexico, peyote faces the expansion of agro-businesses,
increased pesticide and fertilizer use, and growing interest in
peyote tourism. Tourists are driven by Mexico’s strong cultural
association with psychoactive medicine traditions. Peyote tourists
have been flocking to San Luis Potosi since the late 1960s, with
numbers increasing. Peyote-centered retreats are plentiful, as well as
‘pick-your-own’ tours in the desert, or one can simply purchase
peyote at the local markets (Basset, 2016). In Mexico, peyote is also
used in folk medicine, particularly in topical analgesic ointments,
though the actual peyote content of such products is unclear
(LeBlanc et al., 2021). In folk medicine it is used to treat arthritis,
infections, asthma and to treat snake and scorpion bites, and it is
also used as a stimulant (Rojas-Arechiga and Flores, 2016). Under
Mexican law, only Indigenous groups are authorized to harvest and
ingest peyote, but that doesn’t seem to stop the “peyote tourism”
industry (Basset, 2016).

Despite its larger populations, Mexican peyote is under pressure
from land-use change, climate change, and unregulated harvesting
on common lands. The Huichol or Wixarika are among the oldest
continuously surviving Indigenous cultural traditions known for
their intimate connection to peyote, and their yearly pilgrimage in
search of peyote in Wirikuta has been dated back to 200 AD. Each
year their communities make an extensive pilgrimage to the sacred
land of Wirikuta spanning over 500km, to the desert area of the
Sierra de Catorce in San Luis Potosi, Mexico. In 1999, UNESCO
recognized Wirikuta as one of the world’s 14 Sacred Natural Sites.
In 2010 the Huichol communities discovered that over 70% of land
there has been allocated to mining concessions, which presents a
threat to peyote and biodiversity as a whole in this part of the
Chihuahuan desert. The concern led to the creation of the Wixarika
Regional Council for the Defense of Wirikuta (CRW) in 2011,
aimed at safeguarding, protecting, and defending the sacred land of
Wirikuta. Since then, a prolonged legal battle has been ongoing,
with suspension of all mining activities until it is resolved (Arellano,
2024)*. Climate change is another important issue, along with the
rapid regional expansion of agro-businesses such as factories for
eggs, chicken, pork, tomatoes, cucumbers, chili, and bell peppers.
These large-scale projects have been implemented despite state and
national decrees designating this region as a protected area for flora
and fauna. For example, around 2000 hectares from the 140,000-
hectare Wirikuta cultural and ecological reserve has been converted
to tomato plantations (Negrin, 2021)*. Much of the land in
Wirikuta was previously owned communally by ejidatarios
(shareholders in common land). However, in recent years the
Mexican government has created laws that permit privatization.
This process of privatization of the water and the desert by
agribusinesses, sometimes financed “with resources from illicit
origins” is a huge threat — and is potentially harder to defend
against than mining (Negrin, 2021; Busby and Virdi, 2022). Several
Huichol leaders have been killed in Mexico, for defending rights on

Frontiers in Conservation Science

13

10.3389/fcosc.2025.1569528

behalf of their sacred land: Margarito Diaz, Vazquez Torres and
Agustin Torres (Dinechin, 2024)*.

Potential conservation actions
Alternative sources of alkaloids

One supplementary means of reducing pressure on wild
populations of psychedelicspecies is to tap into alternative sources
of alkaloids, potentially achieved through botanical alternatives, or
through other means of producing the desired alkaloids. Outside of
its Amazonian context, various ayahuasca analogues have been
concocted, resulting in effects emulating those of ayahuasca, using
different botanical sources (Ott, 1999)*. Syrian rue (Peganum
harmala) offers a more sustainable source of beta-carboline
MAOI compounds. The seeds of the plants are a far more potent
source of these alkaloids than the ayahuasca vine (Hemmateenejad
etal., 2006), and these seeds can be harvested without damaging the
plant, unlike harvesting the B. caapi vine. Syrian rue has a
cosmopolitan distribution, having become invasive in some parts
of the world) and it is a tenacious and easily grown plant (USDA,
2014; Invasive Plants of the United States, n.d.; Navajo Nation
Council, 2024; Weeds Australia, n.d.)*.

Other species of Tabernanthe and related genera of plants
comprising the Apocynaceae family to which T. iboga belongs
such as Tabernaemontana and Voacanga also produce iboga
alkaloids (Kombian et al, 1997; Krengel et al., 2019a). Greater
investigation and cultivation of other related species could play a
role in taking the pressure off wild populations of T. iboga (Krengel
et al., 2019b; Iyer et al., 2021). Voacanga africana holds promise,
being much more abundant than T. iboga, with the alkaloid
voacangine it produces acting as a viable precursor for the semi-
synthesis of ibogaine (Jenks, 2002). Development of synthetic
ibogaine derivatives such as 18-methoxycoronaridine (18-MC)
(Glick et al., 1996) may provide an additional option. However,
iboga is still likely to remain in demand for the therapeutic potential
of its particular alkaloid profile, so cultivation of other plants and
synthetic ibogaine derivatives such as 18-MC aren’t likely to fully
accommodate this demand (Dickinson, 2016). Another potential
means of producing ibogaine and other iboga alkaloids would be its
transgenic biosynthesis via yeast or E. coli, as is already possible for
psilocybin and DMT and their related tryptamine derivatives
(Milne et al., 2020; Friedberg et al., 2023).

Aside from peyote, several species of currently abundant, fast-
growing and easily cultivated columnar cacti are a more sustainable
mescaline alternative. These species belong to the genus Echinopsis
(although taxonomy is unresolved), and include Echinopsis
lageniformis (syn. Trichocereus bridgesii), Echinopsis macrogonus
(esp. var. pachanoi), Echinopsis peruviana (syn. Trichocereus
peruvianus) (Trout, 2005)*.

As for Sonoran Desert toads, pure synthetic 5-MeO-DMT is a
viable alternative. A few other possible and relatively novel 5-MeO-
DMT synthesis options to consider could be transgenic biosynthesis
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via E. coli (Friedberg et al., 2023) or cell-based biosynthesis of 1.
alvarius parotoid gland secretions (including 5-MeO-DMT) (Lerer
et al., 2023).

Education and changing behaviors of
psychedelic consumers

It is important to raise awareness about ecology and
conservation among potential consumers of naturally occurring
psychedelics, hopefully reducing demand. Although there will
inevitably be people who will always believe that natural “plant
and toad medicine” is always better than the “synthetic drugs,
maybe the idea of reciprocity and highlighting an inherent
imbalance of seeking personal healing by harming another living
being (and threatening the survival of its species) may be enough to
make at least some people reconsider. A survey of mescaline
consumers (n=284) revealed a strong preference for naturally
derived sources, with most respondents indicating they consumed
plant-based mescaline (56.7% had consumed San Pedro-based
mescaline, 22.9% had consumed peyote-based mescaline), while
only 16.6% reported using synthetic mescaline; moreover, 20.0%
reported consuming peyote collected from native habitats (Engel
et al., 2023). In a more recent survey with a large sample of
psychedelic consumers (Global Drug Survey), 56% of 6379
respondents reported preference for mescaline-containing cacti,
9% preferred synthetic mescaline, 21% had no preference, and the
rest had no interest in the substance. However, many of the
mescaline-cacti consumers (67.7% of the respondents, n = 3691)
indicated they were conscious about the potential environmental
impact and would happily switch to synthetic substances (Syed
et al., 2024). Interestingly, across five naturally occurring
psychedelic substances, the highest preference among respondents
for using synthetic sources was for 5-MeO-DMT, and qualitative
data additionally confirmed the concern for I. alvarius toads (Syed
et al, 2024). Of course, this survey, however large, was still a
convenience sample of the English-speaking psychedelic users, so
the responses obtained may not necessarily reflect those of the
broader psychedelic consuming population. Nevertheless, these
data indicate that while there is a clear preference for naturally
derived psychedelics, potential consumers could be open to
switching to synthetic substances; another natural alternative (e.g.
substituting peyote for San Pedro); or an ethically grown plant (for
example grown in a greenhouse or intentionally planted rather than
looted from the wild).

The situation with psychoactive plants is complicated because
they exist at the complex intersection between law enforcement and
drug regulation; environmental regulations (or lack thereof);
Indigenous rights; and religious and spiritual beliefs. How people
navigate this complexity very much depends on one’s worldview,
belief system, culture, traditions, values and the intention for
consuming the psychedelic substance in question. For example, it
would be highly unethical to suggest replacing a sacrament central

Frontiers in Conservation Science

10.3389/fcosc.2025.1569528

to one’s spiritual beliefs with another plant. However, this
suggestion can be perfectly acceptable for a ludibund user.
Likewise, one can recommend growing one’s own plants - but the
legality of this depends on where one is based. For example, San
Pedro cultivation is legal in the USA and illegal in Canada, and vice
versa for peyote. All of the above are also highly region-dependent,
so it is difficult to provide recommendations that are applicable
across different geographical areas and to multiple substances. That
caveat aside, it is important to advocate for the availability of
alternative sources of psychoactive substances over harvesting
them from the wild. In many cases cultivation is the most
obvious and readily available option [e.g. for discussion on peyote
cultivation see (Ermakova et al., 2022)].

It is possible to use the ‘harm reduction” approach and come up
with the environmentally informed ethical guidelines for each of the
naturally-occurring psychedelics. For example, a non-profit
organization Entheogenesis Australis has created an identification
guide to common acacias (that can be harvested for their DMT
content), in order to protect rarer, more vulnerable species and
other useful guides (Engel, 2025)*. Figure 2 contains an infographic
with synthesis of available information about harm reduction
practices during harvesting for our case species. It is important to
highlight that there are no sustainable harvesting guidelines for any
of the species, and many recommendations are distilled from the
reports by various NGOs or journalistic articles, or anecdotal
evidence discovered in conversations with people working in the
field, and the main recommendation is to discourage wild-
harvesting where possible. Evidence-based guidelines for
sustainable harvesting need to be developed in the future, as more
research is published.

Local and indigenous-led initiatives

Community-led cultivation initiatives of these psychedelic
plants offer a pathway to sustainable production of these species.
The Indigenous Medicine Conservation Fund deserves recognition
for its work to safeguard all four species. It is an Indigenous-led
philanthropic organization supporting efforts that seeks the
sovereign protection and regeneration of these medicines, the
ecologies in which they are embedded, and the traditional
knowledge informed practices they form an integral part among
the various Indigenous communities with which these species have
a deep relationship (Indigenous Medicine Conservation Fund,
2025)*. Given that a growing international demand for ayahuasca
threatens wild populations in Amazonia, cultivation outside of the
Amazonian region may be a necessity, and such efforts are
underway in such areas (Kilham, 2018; Meyer, 2021)*. B. caapi
vines do not require maintenance when growing in an optimal
setting, and they can be harvested in a sustainable manner, with
regeneration possible if the rootstock of the plants remain in the
ground (Kilham, 2018)*. New ayahuasca plants can also be
propagated by the planting of vine cuttings (Coe and Gaoue,
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Lophophora williamsii (peyote)
Cut the green part of the plant, leaving subterranean
stem and root intact
Use a sharp knife or blade to make a clean cut,
minimizing tissue damage
Rotate the gathering sites and re-harvest only once
every 8 years to allow vegetative regrowth
Harvest only mature plants, with 8 or more ribs, and
leave enough plants to flower, produce seeds, and
sustain genetic diversity.
Leave the seeds near harvest sites to encourage local
recruitment
Harvest only L. williamsii. Other Lophophora sp. have a
very low mescaline content. Avoid harvesting lookalikes,
such as Astrophytum asterias
Avoid harvesting in ecologically sensitive or heavily
degraded areas
Follow the guidance and recommendations of
Indigenous and NAC communities
Avoid wild-harvesting: support initiatives for cultivating
peyote or use other botanical alternatives to reduce the
pressure on the wild populations

Incilius alvarius (Sonoran desert toad)
Handle toads as little as possible and minimise stress

Use gloves to avoid damaging sensitive skin and spread
pathogens

Clean hands between handling different toads

Release toads immediately back to the exact location
where they were found

Collect secretions only from limited numbers of toads in a
given area
Coordinate among
the same habitats

ors to avoid repeated visits to

Do not introduce pollutants (e.g., sunscreen, insect
repellant, trash) into sensitive environments

As a priority, encourage synthetic 5-MeO-DMT use or
lab-cultured alternatives to reduce pressure on wild
populations

FIGURE 2
Infographics on harvesting “harm reduction” practices.

2023). B. caapi is a tenacious plant, and fairly easily grown in the
tropics and subtropics, e.g. in Hawaii (Alvarez, 2019)*. Local people
based around the city of Iquitos in Peru (which could be considered
as an epicenter of ayahuasca tourism in the Amazon) have already
begun cultivating B. caapi vine, with it being viewed as a ‘cash crop’
(Alvarez, 2019)*. A number of ayahuasca retreat centers around
Iquitos have also been practicing ayahuasca cultivation, with some
seeking to be totally self-sufficient in time (Kilham, 2018)*.
However, existing populations around Iquitos are not sufficient to
meet a growing international demand (Alvarez, 2019)*.

Frontiers in Conservation Science

15

Banisteriopsis caapi (caapi)
Traditional B. caapi harvesting methods include selecting
a few stems that are 22.5 cm in diameter and up to
several feet in length
Cut the vines that are neither too small nor too large
(prioritize the survival of larger size lianas and vegetative
reproducing individuals)
Leave part of the vine intact on each individual so it can
regenerate
Avoid large-scale commercial extraction without proper
management
Alternate harvesting zones to allow regrowth periods of
several years in each area
Follow local community guidelines on when, how, and
how much to harvest
Support cultivation of B. caapi in agroforestry systems,
home gardens, and permaculture plots

Tabernanthe jboga (iboga)

Harvest only portions of the root bark from mature
plants, avoiding full root removal

Never harvest the entire plant or uproot young
specimens

Only harvest from plants that are at least 7-10 years old
— these are large enough to tolerate partial bark
removal.

Rotate harvesting locations to allow individual plants at
least 3 years to recover between harvests

Use clean, sharp tools to remove bark carefully

Engage with Bwiti communities and traditional
custodians where appropriate

Ensure harvesting aligns with local cultural, spiritual, and
medicinal practices

Support cultivated iboga from agroforestry or
permaculture settings rather than wild populations

The growing global demand for iboga and the resulting
overharvesting has inspired some recent efforts to establish iboga
cultivation in Gabon, in addition to Cameroon, Ghana and the
Ivory Coast, with some manufacturers of iboga-derived medicines
supporting some of the latter efforts. One notable initiative being
spearheaded in Gabon is being undertaken by the NGO Blessings of
the Forest, which is committed to preserving Gabon’s natural and
cultural heritage. Through its initiatives it seeks to protect
biodiversity and promote sustainable resource management while
improving the living conditions of rural communities, in addition to
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facilitating collaboration between local stakeholders and
international partners. It has supported the establishment of iboga
plantation by rural communities, with 13 village associations having
planted 24,000 iboga trees on 14 plantations as of early 2023
(Nuwer, 2023)*.

For peyote, some Native American tribes have begun working
on legal pathways to cultivate peyote for their NAC members
(Muneta, 2020), and there are sustainable harvesting, cultivation
and repopulation efforts undertaken by the Indigenous Peyote
Conservation Initiative in South Texas (IPCI, 2025)*. Such
models could be replicated elsewhere.

Regenerative agroforestry approaches

Both B. caapi and T. iboga are plants that inhabit the forest
understory, tolerant of partial shade. This makes both plant species
amenable to regenerative agroforestry or conservation orientated
approaches to cultivation. Given that B. caapi is tolerant of growing
in full sun or partial shade, it can be cultivated in open forest settings, or
as part of sustainable agroforestry practices (Porro et al, 2012),
potentially using successional poly-cropping to ensure efficiency. B.
caapi (and P. viridris) are already grown in this manner by members of
the UDV, with the B. caapi vine requiring structural support of trees
and other vegetation, with this more ecologically holistic approach to
cultivation potentially partly motivated by the deepened spiritual
connection to nature that consumption of the ayahuasca brew may
elicit (Thevenin, 2017). Cultivation of these plants has also been found
to be potentially beneficial for the maintenance and restoration of
forests in degraded areas, while supporting biodiversity (Thevenin and
Sambuichi, 2020). One approach to sustainable or regenerative
cultivation well suited to B. caapi is syntropic agroforestry, which
blends Indigenous and scientific knowledge, follows a no-impact to
low-impact approach that is underpinned by ecological principles, and
offers a scalable means of achieving agricultural productivity that can
support biodiversity and ecological restoration. This approach is being
increasingly adopted in Brazil and elsewhere (Andrade et al., 2020).

A similar approach to iboga cultivation could be adopted as is
already being applied to ‘forest coffee’ cultivation as practiced in the
Bale Mountains National Park in Ethiopia in the Afromontane
forests that comprise coffee’s native habitat (Senbeta and Denich,
2006), with Coffea arabica being a forest understory shrub, similar
to iboga. This would allow for the cultivation of iboga in the forest
understory while helping maintain the forest habitat and its
associated biodiversity. Alternatively, given its preference for
forest understory and partial shade, iboga cultivation could
potentially be integrated into sustainable agroforestry practices
(Hetemidki et al, 2023)*. One such approach is dynamic
agroforestry, which is underpinned by ecological principles, and
seeks to combine agricultural productivity as part of natural forest-
like systems that support biodiversity and provide a range of
beneficial ecosystem services (Malka, 2023)*.
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Discussion

Despite the variety of species and their encompassing context, they
have one notable feature in common - a lack of recent comprehensive
research on their biology, ecology and conservation. Multiple books
and articles have been written about their chemistry, pharmacology
and potential clinical applications, patterns of recreational use of their
psychoactive alkaloids and their Indigenous usage and cultural
traditions within the discipline of anthropology. In comparison,
ecological and biological research on these species is lagging behind
(see Table 2 for the research gaps). Yet, for any evidence-based
conservation actions it is crucial to have knowledge of the species’
distribution, population dynamics, reproductive ecology, and response
to varying levels of harvesting pressures, in addition to the optimal
cultivation and propagation techniques for the plants. Thus, a critical
first step toward figuring out what is going on with these species is to
establish a population-monitoring program to determine both
geographical extent and population sizes, ideally leading towards a
comprehensive management plan for the species. These measures
could help to determine if there is a need for conservation initiatives
that safeguard these species in their natural habitats. This could be
achieved through an implementation of natural protected areas,
restoration management and repopulation programs, conducted with
transparency and according to ITUCN guidelines.

To ensure the long-term survival of these species their conservation
and sustainable use is essential, as each plays an important ecological
role, enriching the ecosystems they are part of. Beyond this, these
species form a central aspect of the cultural identity of the Indigenous
groups that use them, comprising a form of biocultural heritage for
these cultures of profound importance (Hofmann et al., 2001). There is
also a growing body of evidence to suggest that the psychedelic
alkaloids these species harbor may be beneficial for mental health,
including in the treatment of otherwise intractable conditions (Griffin
and Knight, 2024; Vamvakopoulou and Nutt, 2024). It is important to
address the ethics of using these species or psychedelic substances
derived from them, exploring the issues of bioprospecting, intellectual
property rights and benefit-sharing in line with the Nagoya protocol.
Given the complicated legal landscapes (locally and internationally)
these species exist in, due to the presence of scheduled psychoactive
substances and variable conservation policies, it is important to
investigate how these policies fail or support species conservation.
These issues are complex, context-specific and require in-depth
analysis beyond the scope of this review.

Experience with psychedelics has also been associated with a
deepened sense of nature connectedness (otherwise referred to as
nature relatedness in the literature) (Kettner et al., 2019) and found
to predict enhanced pro-environmental awareness and behaviors
(Forstmann and Sagioglou, 2017). Nature connectedness is
considered a strong psychological predictor of environmental
concern and pro-environmental and pro-conservation behaviors
(Mackay and Schmitt, 2019; Martin et al., 2020; Richardson et al.,
2020; Whitburn et al, 2020) having been described as a ‘core
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TABLE 2 Common research gaps and challenges across the case studies.

Theme

Basic life history
and species

Common research gaps

Poorly quantified growth rates, lifespan, and age at maturity across all species, limiting demographic
modelling. Missing global and for many areas region-specific abundance estimates.

Differ

nces

B. caapi has the largest distribution range, both wild and cultivated. Toad restricted to Sonoran desert. Peyote
has moderate distribution extent, but populations are frangmented.

distribution
Reproductive I alvarius reproduces rapidly but is tightly linked to rainfall patterns and ephemeral water sources. All three
. P Reproductive ecology (pollination, mating, dispersal, recruitment, survival) underexplored in all P Py & _Y P . P . )
biology and . . . - . plants have sexual and asexual reproduction. Re-growth after harvesting dependent on vegetative reproduction.
. species. Missing data necessary to conduct population viability analyses, e.g. long-term ecological o L . . .
population o L . ) For B. caapi wild seed propagation is less studied — mostly propagated by cutting. Peyote readily grows from
. monitoring data, limiting understanding of population renewal.
modelling seeds.
All species have high known variability in alkaloid contents. Some research on chemical variability of different
Chemical Limited data on how chemical profiles vary across populations, life stages, or environments; little P . & ) o . L . ok o
I . . . . . ethnovarieties of B. caapi. Some analyses of Sonoran Desert toad defensive secretion indicate wide variations in
variability integration of chemical ecology with conservation.

potency. Higher levels of mescaline in peyote in response to stress (e.g. drought).

Genetic diversity

No broad genetic surveys; lack of understanding of population structure, gene flow, or adaptive
potential across species’ ranges.

B. caapi has more genetics research published. No genetic data for peyote, Sonoran Desert toad, iboga.

Microhabitat &
ecology

Species
interactions

General habitat types described, but fine-scale environmental needs (soil, light, moisture) and
responses to disturbance under documented.

Minimal data on interactions with pollinators, seed dispersers, predators, herbivores, pathogens, or
microbial associates across species.

Desert environments (peyote, toad) vs. humid tropical forests (iboga, B. caapi); responses to disturbance likely
differ, but little comparative research; habitat fragmentation more severe impact for toads (roads, urbanization)
and peyote does not easily re-colonise disturbed areas e.g. after root ploughing.

I alvarius has more data on this; plants more focused on mutualistic interactions (pollinators, dispersers) but
these remain poorly characterized; functional roles in ecosystems differ greatly but unstudied.

Disease & health
threats

Harvesting
pressure

Ex situ
conservation

Socio-cultural
integration

No systematic health assessments across the distribution range; I. alvarius potentially threatened by
chytrid/ranavirus, but plant diseases almost unstudied.

Rising global demand for ritual, medicinal, or psychedelic uses poses unknown risks to wild
populations; no sustainable harvest models; no comprehensive assessments of the markets (legal,
illegal, existing in grey areas).

Few protocols or peer-reviewed studies on propagation, cultivation, captive breeding, or
reintroduction; ex situ strategies lag behind demand.

Limited interdisciplinary research combining ecological, cultural, legal, and socio-economic
dimensions of conservation for culturally significant species. All four species could benefit from
detailed analysis within an integrative theoretical framework, e.g. socio-ecological systems theory.

Amphibian diseases (chytrid, ranavirus) critical for I. alvarius (there we several local assessments of chytrid in
this species), irrelevant to plants; no known studies of plant pathogens, fungal associations, or microbiome
effects for peyote, iboga, or B. caapi.

One study published on ayahuasca harvesting and one longitudinal study on peyote harvesting.

B. caapi is fairly extensively cultivated, particularly in Brazil; iboga starting to be cultivated in parts of Gabon
and elsewhere; peyote has been in cultivation for horticultural purposes for over 150 years, however cultivation
for religious/ceremonial purposes constrained by legal and cultural factors; no captive breeding or management
protocols for I. alvarius.

Vastly different contexts, e.g. different legal statuses and governance: peyote legally protected for Native
American use, toad secretions subject to wildlife law but little enforcement, iboga and B. caapi in legal grey
zones; indigenous rights and benefit-sharing vary widely.

Apuen pue eroxew.]

8¢G96951'G20¢2795094/685¢°0T


https://doi.org/10.3389/fcosc.2025.1569528
https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org

Ermakova and Gandy

conservation concern’ (Zylstra et al., 2014). This capacity of
psychedelics to enhance nature connectedness is made all the
more salient given a notable lack of effective interventions for
reducing people’s environmentally destructive behavior (Fransson
and Garling, 1999; Prescott and Logan, 2017). This gives us hope
that popularization of psychedelics could not only have negative
consequences (like commercialization and overexploitation), but
bring a positive change, and even potentially be a new vehicle for
conservation action. This can be partially achieved through
increasing awareness about naturally occurring psychedelics and
the ecosystems in which they are found. Reciprocity and
interconnectedness should be central to all education approaches,
emphasizing respect for the plant or animal species, its origins,
native ecosystem and its traditional stewards.

The main limitation of this research is that it is a narrative
review and thus has a higher risk of bias due to the subjective nature
of the selection and interpretation of studies. Another limitation is
that in many cases there were no peer-reviewed studies identified
through the publicly available databases, and we had to rely on the
reports, journalistic investigations and other grey literature sources.
We encourage further research to fill the knowledge gap identified,
and to provide material for subsequent systematic reviews going
into more depth for each species described.

Conclusion

In conclusion, while the resurgence of global interest in
psychedelics offers exciting potential for mental health treatment,
spiritual exploration, and cultural revival, it also brings potential
conservation challenges for the plant and animal species that
produce these fascinating compounds. Peyote, ayahuasca vine, iboga,
and the Sonoran Desert toad all face mounting pressures from
overharvesting, habitat loss, climate change, and cultural
commodification, yet ecological research on their biology, population
dynamics, and sustainable use remains strikingly inadequate. Yet,
without population viability analyses, long-term ecological
monitoring data, and region-specific abundance estimates it would
be impossible to substantiate conservation claims. Moreover, all these
species exist in a peculiar nexus of criminal, environmental and
healthcare issues, and require interdisciplinary approaches combining
ecological, cultural, legal, and socio-economic dimensions of
conservation. Effective conservation strategies must go beyond
ecological protection alone, embracing a biocultural approach that
respects Indigenous knowledge systems, supports local stewardship,
and balances human well-being with environmental integrity.
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