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Global synthesis reveals that ecosystem degradation poses the primary
threat to the world's medicinal animals
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ABSTRACT. Although overexploitation threatens some high-profile medicinal animals, little is known about global patterns in the
use of—and threats to—medicinal animals. We examined data from the International Union for Conservation of Nature's Red List
and a literature survey to identify a diverse catalog of medicinal animals (n = 1660). Most known species (~77%) are chordates in
terrestrial habitats (~72%). Intensity of use generally maps to biodiverse regions with low human development. Most (~63%) species
are decreasing, and primary threats relate to habitat loss and modification. Many (~62%) species have multiple uses, which is associated
with higher endangerment and threats from exploitation than species used solely for medicine. Spiritual use medicinal species have a
higher proportion of “at-risk” species (~19%) than those used otherwise (~6%), potentially owing to associations among rarity, perceived
efficacy, and demand. These findings can inform spatially and taxonomically explicit biocultural strategies to safeguard not only

biodiversity but also important human—animal relationships.
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INTRODUCTON

Human relationships with medicinal animals are varied and have
yet to be broadly synthesized. Well-known examples of highly
exploited medicinal species include pangolins (Manis spp.;
Boakye et al. 2014, 2015, Soewu and Ayodele 2009, Cheng et al.
2017) and rhinoceri (Rhinocerotidae spp.)(Yanetal. 2013, Cheung
et al. 2018). Moreover, prominent scientific publications (e.g.,
Alves and Rosa 2005, Alves and Barboza 2010, Graham-Rowe
2011) and popular media (e.g., Stromberg and Zielinski 2011, Hall
2019) commonly identify overexploitation as a central concern.
Against this high-profile foreground, however, is the reality that
up to 80% of the global population uses plant and animal parts
for traditional medicines in addition to raw materials for modern
medicines (Alves and Rosa 2005). Despite this context, and the
reality that animals might be particularly sensitive to human
activity, little is known about global patterns of medicinal animal
use and the threats these species might face. Given their history
of, and contemporary use by, place-based peoples, threats to the
persistence of medicinal animals also pose risk to associated
traditional knowledge (Alves and Rosa 2005). Accordingly,
understanding varied uses of medicinal animals and the threats
they face across taxa and space can inform planning and
interventions to safeguard not only biodiversity but also
important human—animal relationships.

Several reviews related to particular medicinal animals have
identified patterns of use. For example, there are syntheses on
aquatic mammals (Alves et al. 2012b), termites (de Figueiredo et
al. 2015), reptiles (Alves et al. 2008), primates (Alves et al. 2010),
and canids (Alves and Barboza 2010). Other studies are
predominantly regional, commonly occurring in South America
and Asia (Append. 1: Methods).

Although not previously examined, geographic areas of
prominent medicinal use (and threats to their use) likely occur
where so-called human development is low. Generally, areas with
a low human development index (HDI; United Nations

Development Programme (UNDP) 2018) have strong histories
and current practice of traditional medicine (Stangeland et al.
2008). Additionally, poverty can be pronounced in many of these
regions, and low access to, or trust in, Western health care is
common (Liu et al. 2016). Finally, areas of higher HDI often
experience greater habitat loss, which may reduce biodiversity
available for medicinal use (Alves and Rosa 2007a).

Across varied geographies, threats medicinal animals face might
be associated with other uses. The harvest of animals for food,
for example, has shown to have profound impacts on megafauna
populations (Ripple et al. 2019). Consequently, we might predict
that medicinal species with multiple (i.e., other) uses might have
a higher risk of overexploitation than those used solely for
medicine.

There is also variation in how animals are used medicinally, which
theory suggests might relate to conservation status. Treatments
involving animals are manifold and broadly include addressing
physical, mental, and spiritual ailments. For example, in Mexico,
the meat of the greater roadrunner (Geococcyx californianus) is
used to treat physical ailments including cancer and bronchitis
(Jacobo-Salcedo et al. 2011). In Brazil, the white-browed guan
(Penelope jacucaca) is used to treat insomnia (Alves et al. 2017).
In the Afro-Brazilian religion of Candomblé, the red cushion sea
star (Oreaster reticulatus) is used spiritually for attraction,
protection, and enlightenment (Alves et al. 2012a).

How spiritual use might link to conservation is complex. For
instance, spirituality and associated religious and cultural beliefs
might offer protection from overexploitation. In other cases,
spiritual use might instead make a species more desirable (Alves
et al. 2012a), thereby potentially placing it at greater risk of
overexploitation. Specifically, rare species might have a higher
perception of medicinal efficacy. For example, a Japanese flower
species, Geranium thunbergii, has red and white varieties. Across
several areas, the rarer color is considered medicinally more
effective (Courchamp et al. 2006). Generally, such a pattern is
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predicted by the anthropogenic Allee effect (AAE). The AAE
predicts that, as species become rarer, the incentive to exploit them
increases. The main assumptions upon which the AAE are based
are that species rarity and value are positively correlated; such
correlation can increase demand, market price, and benefit of
exploitation (Courchamp et al. 2006). This can create a human-
generated feedback, which can drive species to extinction
(Courchamp et al. 2006, Holden and McDonald-Madden 2017).
Such a process has been observed in a variety of animal species,
including sturgeons (Acipenseridae), where the inflated value
placed on rarity has driven increases in price and exploitation
(Gault et al. 2008). The net effect and prediction may be that
because of the value placed on rarity, spiritual use animals, all
other things being equal, would have a higher endangerment
status.

Here, we provide the first global overview of medicinal use
animals and their threats, as well as an examination of the
relationship between rarity (endangerment status) and the specific
uses of medicinal animals. We examined data from the
International Union on the Conservation of Nature (IUCN) Red
List (IUCN 2019) and conducted a complementary literature
review. Our objectives were to provide the first global synthesis
of medicinal animal use and reveal patterns in use and
endangerment. We also tested the following hypotheses: (1)
medicinal animal use is prominent in regions with low HDI and
high animal diversity; (2) species with multiple uses will have a
higher endangerment status and greater threat from human
exploitation than those used solely for medicine; and (3) medicinal
animals used for spiritual purposes will have a higher
endangerment status than those used to treat nonspiritual
ailments.

METHODS

‘We obtained data from two sources: the IUCN Red List (n = 658
species) and a literature search (n = 1140 species, 96 articles;
Append. 1). The criterion for inclusion of papers was explanation
of how specific species have a known medicinal use. We cross-
referenced these sources to update the use data for species
previously not categorized as “medicinal” on the Red List (n =
697) and added 443 species not present on the Red List to the data
set. This resulted in 1660 medicinal species. For species with
specific use data, we categorized treatments into spiritual (n =
266) and nonspiritual (i.e., mental or physical, n = 1065) use
(Append. 1).We defined spiritual use as animals out of which
spiritual or religious objects or ingestible products were created
to benefit a user. For example, the skin of the boa constrictor
(Boa constrictor) is used in rituals to cleanse bad spirits, as well
as in amulets to improve commerce and sexual attraction (Alves
et al. 2012a). We used these categories to assess whether specific
uses were associated with differing levels of endangerment.
Proportions were analyzed for statistical differences using the
Fisher’s Exact Test.

We examined patterns of endangerment using Red List categories,
and additionally examined patterns in threats using a subset of
species (n = 320) for which threat and stressor data exist. The
IUCN provides a threat score, which encompasses scope
(proportion of the species population that experiences said threat)
and severity (degree of species decline associated with each threat,
from causing “very rapid” to “negligible” declines). Stressors are
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defined as the factors that impose endangerment on species
resulting from the above threats. Furthermore, we identified
whether medicinal species had listed threats related to exploitation
as one way to assess the degree to which medicinal and other uses
requiring animal exploitation might impact species.

Finally, we examined coarse spatial patterns in medicinal use
animals. The IUCN and BirdLife International (2020) provided
polygon shapefiles for species groups (mammals, amphibians,
etc.; Append. 1). For each group, we merged the shapefile with
our data set to subset species into medicinal use and “at risk”
(“Vulnerable” to “Critically Endangered”) medicinal use species.
We converted these shapefiles to raster surfaces with a resolution
of 110 km?, or ~1° (Scheffers et al. 2019). We calculated the sum
of medicinal species in each pixel, the proportion of all animals
(with spatial data in the [UCN) in each pixel subject to medicinal
use, and proportion of medicinal animals in each pixel that are
at risk. The raster layers of all species groups were combined to
produce distribution maps. These maps were qualitatively
assessed for spatial correlation between medicinal use and HDI.
All analyses were performed with R Version 3.6.1.

RESULTS

Globally, animals used for medicine comprise a relatively narrow
subset of all animals, but occur across diverse taxa, habitats, and
geographies. Among known species about 77% (n = 1286) are
chordates, which represent about 0.03% of all known phylum
members (Fig. 1A). Most species with described habitat are
terrestrial (~72%, n = 866), but freshwater (~31%, n = 370) and
marine (~22%, n = 266) environments are common. Geographic
hotspots of medicinal species occur in South America, Southeast
Asia, India, and the Afrotropics (Fig. 2A). Accounting for the
number of taxa potentially available for medicinal use in each
area, however, reveals regions where high proportions of available
animals have medicinal use (Fig. 2B).

Fig. 1. The proportion of medicinal use species in each phylum
and TUCN Red List species population trend, shown as a
percentage of species in each phylum (A) and proportion of
phylum classified according to population trend (B).
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Fig. 2. The number of animal species used for medicine (A), the
proportion of animal species used for medicinal purposes (B),
and the proportion of those that are at risk (“Vulnerable”,
“Endangered”, or “Critically Endangered”) (C).
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Exact Test, p < 0.001; Fig. 3). Additionally, we found that, of at-
risk species, a higher proportion have mixed uses (~83%, n = 266
of 319 at-risk species) than solely medicinal uses (~17%, n = 53
of 319). Specific medicinal use also correlated with conservation
status. For species with solely medicinal use, species used for
spiritual purposes have a significantly higher proportion of at-
risk species (~19%, n = 19 of 101) compared with about 6% (n =
30 of 515) of those used in nonspiritual contexts (Fisher’s Exact
Test, p < 0.001; Fig. 4).

Fig. 3. Percentage of medicinal use species with medicinal
use only or mixed use by Red List Category. (NL: Not listed,
DD: Data Deficient, LC: Least Concern, NT: Near
Threatened, VU: Vulnerable, EN: Endangered, CR:
Critically Endangered, EX: Extinct).
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Medicinal species vary in conservation status. Among species with
known population trends (n = 839), the highest proportion have
a decreasing trend (~63%, n = 525), whereas about 30% (n = 254)
are stable, and only about 7% (n = 60) have increasing populations
(Fig. 1). A significantly higher proportion of species have a
decreasing trend than those that show increasing or stable
populations (Fisher’s Exact Test, p < 0.001). A large proportion
(~50%) of marine species are “at risk” (“Vulnerable” to “Critically
Endangered”; Fig. 2C). A particularly high proportion of
medicinal animals are at risk in the Black Sea, Red Sea, Persian
Gulf, and Gulf of Mexico (Fig. 2C). Of terrestrial species, high
proportions of at-risk species occur in the same regions where
most medicinal species occur: Southeast Asia, Russia, India, the
Afrotropics, and South and Central America (Fig. 2C).

Variation in how medicinal animals are used is associated with
their conservation status. At least about 62% (n = 1025) of species
have multiple uses. The most common additional use is food for
human consumption, which approaches half (~46%, n = 769).
Multiple-use animals are more likely to be at risk than medicinal-
only animals (~26%, n = 266 of 1025, mixed-use species at risk
vs. ~8%, n = 53 of 635, medicinal-only species at risk; Fisher’s

Fig. 4. Percentage of spiritual and nonspiritual use animals by
Red List Category (NL: Not listed, DD: Data Deficient, LC:
Least Concern, NT: Near Threatened, VU: Vulnerable, EN:
Endangered, CR: Critically Endangered, EX: Extinct) for all
species with use data (A) and for species only used medicinally

(B).
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Threats were varied, many carrying primarily low impact, with
few species experiencing moderate or high impacts (Fig. 5).
Primary threats related to agriculture and aquaculture (~45% of
species, n = 143) and biological resource use (~44%, n = 142; Fig.
6), which includes exploitation for medicine, food, clothing, and
other uses. For species used solely for medicine (n = 76 species
with threat data), agriculture and aquaculture (~41%, n = 31) and
biological resource use (~45%, n = 34) pose threats for similar
proportions of species. Inspecting data on specific uses, we found
that approximately 38% (n = 628) of all medicinal use species are
threatened by human exploitation (e.g., hunting, fishing; Append.
1). Of species used solely for medicine (n = 635), however,
exploitation is considered a threat for only about 12% (n = 75).
Of all at-risk medicinal use species (including those with mixed
uses, n = 319), about 86% (rn = 275) have a threat of human
exploitation.

Fig. 5. Percentage of medicinal use animals by threat score.
RCD: Residential or Commercial Development, CCSW:
Climate Change and Severe Weather, GE: Geological Events,
POL.: Pollution, IOP: Invasive and other problematic species,
genes, and diseases, NSM: Natural System Modification, HID:
Human Intrusion and Disturbance, BRU: Biological Resource
Use, TSC: Transportation and Service Corridors, EPM: Energy
Production and Mining, AG: Agriculture and Aquaculture.
Other threats were excluded due to negligible proportions.
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Top stressors were primarily related to ecosystem degradation
(~74% of species, n = 221) and ecosystem conversion (~63%, n =
188). Ecosystem degradation and conversion impose stress on
significantly more species than direct species mortality (~47%, n
= 140, Fisher’s Exact Test, p < 0.001; Fig. 6). For species used
solely for medicine (n = 72 species with stress data), ecosystem
degradation (~78%, n = 56) and conversion (~60%, n = 43) pose
top stressors, with mortality imposing a stress for about 51% (n
= 37).

DISCUSSION

We found that the use and conservation status of medicinal
animals varies globally, but distinct patterns emerged. Although
medicinal animal use is widespread, regional use generally maps
inversely to human development and positively to associated
animal diversity. Within-range variation in medicinal animal use
is likely common given variation in Indigenous populations,
cultural groups, habitat availability, and access to Western health
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care (Alves and Rosa 2007b). However, in general, hotspots of
use occur in biodiverse regions with low HDI, such as Brazil and
Southeast Asia. We also found that species with multiple uses have
increased likelihood of higher endangerment and threat from
exploitation compared with species used solely for medicine. Such
patterns indicate that medicinal use does not comprise a primary
threat for most species. Finally, aligning with predictions from the
AAE, we found that spiritual use animals are more likely to have
a higher endangerment status than nonspiritual use animals.

Fig. 6. Percentage of medicinal use animals subject to each
stressor. Other stressors were excluded due to negligible
proportions.
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We acknowledge several limitations. First, medicinal use data are
surely incomplete. Of the species identified by our literature
search, only 139 species (~12%) were classified as “medicinal” by
the TUCN. Additionally, species assessed by the [IUCN may have
a bias toward larger or more common fauna, as well as
economically important species, which may result in other groups,
such as reptiles, being underassessed (Meiri and Chapple 2016).
This poses a particular limitation for regions—such as the Cape
Floristic Region, South Africa—where medicinal species consist
primarily of reptile species (Petersen et al. 2012). Plus, we limited
our inclusion of articles to those published in English, which
clearly limited the species we considered. Many articles on
medicinal animals are published in Spanish, French, Portuguese,
and Mandarin, for example. Although this bias suggests that the
total number of medicinal species we tabulate is an underestimate,
we know of no reason why the limited data set we use would
introduce any directional bias to the hypotheses we address.
Additionally, data from the literature did not yield information
to include in the “multiple use” analysis, nor did they include
threat data. Consequently, the proportion of medicinal species
with mixed uses may also be an underestimate. Moreover, the
effects of colonization by colonial empires likely greatly reduced
medicinal animal use in many parts of the world (Langton 2003),
making contemporary use more difficult to identify by the TUCN
and other researchers. Additionally, threat data from the [UCN
were coarse, which restricted our ability to understand how threats
from the “biological resource use” category might directly relate
to medicinal use. Whereas we expect that most animals showing
this threat would primarily be derived from exploitation for food,
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we cannot rule out medicinal-seeking harvest as a primary or
additional activity. For species where both medicinal and an
additional use were known, our mixed-use analysis provided
evidence that species used for medicine alone are not often
threatened. Finally, our classification of specific medicinal uses
(spiritual vs. nonspiritual) was subjective and primarily obtained
for species identified in our literature search, given that such
details are largely absent in the [IUCN database.

Despite these limitations, broad associations suggest that the
spatial distribution of medicinal use relates to the development
categorization of the region. In general, higher use of medicinal
animals occurs in regions of low to moderate HDI (0.35-0.76),
like in Brazil, Bolivia, the Afrotropics, India, and Southeast Asia
(UNDP 2018; Fig. 2). One exception is the southern regions of
China, which have high medicinal animal use but relatively high
HDI (~0.94). Such discrepancy might relate to rapid development
in a region that still retains a strong cultural use of traditional
medicines from animals. Given data and analytical limitations,
teasing apart the relative quantitative associations of biodiversity
and HDI (themselves related) with medicinal species use is not
possible. These patterns nonetheless collectively support our
hypothesis that regions with higher animal diversity and lower
HDI host more medicinal animals.

Although medicinal animal use is widespread, certain taxa and
areas have particularly high use. In some regions, small numbers
of animals are used, but constitute a large proportion of animal
species in that area (Fig. 2A, B). For example, along the coast of
Greenland, very few species are used for medicine, but they
comprise almost half of the species in the region. In contrast, in
Brazil there are up to 33 species used for medicinal purposes,
which comprises only about a quarter of the species available (Fig.
2A, B). Southern Asia shows the highest proportion of medicinal
animals, likely a result of the long history and continued use of
medicinal animals in the region.

Similar to patterns in use, there are distinct patterns in
endangerment. Broadly, we found that most medicinal species
evaluated have declining population trends. Such a pattern likely
relates to the prominence among medicinal species of terrestrial
chordates, which are commonly threatened from other means
such as habitat destruction (McKee et al. 2004, Lenzen et al. 2012,
Scheffers et al. 2019). We suggest, however, that marine and
freshwater species (~38% combined) must also be considered in
conservation efforts of medicinal use species. Notably, from a
spatial perspective, the highest proportions of medicinal species
that are at risk occur in marine environments (Fig. 2C). This likely
relates to the intense exploitation of marine fisheries for human
consumption, particularly commercial harvests, which typically
exploit at levels far higher than those in terrestrial environments
(Rosenberg 2003, Darimont et al. 2015). The highest proportion
of marine at-risk species occur in water bodies that are flanked
by lands with high human densities and associated food
requirements (Fig.2C). Exceptions to this general pattern, such
as the hot spot near Antarctica, likely result from the resolution
of spatial data (Append. 1: Methods).

We also detected patterns in endangerment that related to specific
use of, and threats to, animals, which support our hypothesis that
multiple-use species will have a higher endangerment status and
threats from exploitation. We found that multiple-use species have
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a significantly higher proportion of species classified at a higher
endangerment status or with a threat of exploitation than those
used solely for medicine. This suggests that medicinal use is not
a primary cause of exploitation for medicinal species. Finally, we
found agriculture and aquaculture (~45%) and biological resource
use (~44%) impact the highest proportions of medicinal species,
with the associated stressors of ecosystem degradation (~%74),
conversion (~63%), and species mortality (~47%). Ecosystem
degradation and conversion result in habitat loss, which
represents one of the top threats to biodiversity globally (Lawler
et al. 2013, Joppa et al. 2016). We found that ecosystem
degradation comprises a threat for a significantly higher
proportion of medicinal species than does direct species harvest.
Collectively, these patterns provide multiple lines of evidence that
medicinal use alone does not comprise a widespread risk to animal
populations.

Spiritual use of medicinal animals, however, may be associated
with a higher risk of endangerment. Consistent with our
predictions, spiritual use species have a higher proportion of at-
risk species than nonspiritual use species. Spiritual use animals
are often valued for their perceived power (Alves et al. 2013),
which, as discussed by Courchamp et al. (2006), can be related to
their rarity. It is unclear, however, how often such spiritual use
has caused endangerment or how often spiritual use becomes
more prominent (and thus recorded) for animals already
endangered. Regardless, knowledge about the spiritual use of
animals may offer a compelling argument to acquire protection
for these species, especially if subject to additional stressors.

Understanding the local uses of animals and the threats these
animals face can be vital in developing management strategies
that protect biodiversity and peoples in ways that do not impede
local and traditional practices (Alves and Souto, 2015, Martinez,
2013). Specifically, local beliefs and uses of medicinal species can
have large influence on the success of any conservation strategies
(Alves2012). Medicinal use, however, comprises only one of many
ways that humans and animals influence one another. For
example, van Vlient et al. (2017) summarized the links between
bushmeat and health, with a focus on medicinal, nutritional, and
zoonotic dimensions of exploited wildlife in tropical and
subtropical forest regions. Regardless of benefits and costs, such
species are a vital source of cultural importance that relies on
healthy wild populations (Martinez 2013).

As the first global synthesis of medicinal animal use, we have
provided an overview of medicinal species and their associated
threats. Broadly, despite attention focused on unsustainable
exploitation of some medicinal species, our analyses reveal that
these represent a small proportion of all medicinal species, most
of which face more pronounced threats from multiple uses and
ecosystem change. Moreover, specific taxonomic and spatial
details from our work can be applied to inform plans aimed at
mitigating threats impacting these species as well as important
cultural relationships. So-called biocultural approaches can help
ensure that local people are considered in conservation planning
(Sterling et al. 2017). By taking into account local values and
needs relating to medicinal animals, these species could attract
new forms of protection from primary threats such as habitat loss.
International frameworks and actors that use such evidence to
address and implement related planning include the United
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Nations Educational, Scientific and Cultural Organization's
Convention for the Safeguarding of the Intangible Cultural
Heritage, or the United Nations Declaration on the Rights of
Indigenous Peoples. Following a biocultural approach, such
efforts require the central participation of local governance
structures, which have the agency and knowledge to design,
monitor, and enforce any new conservation plans. By limiting the
additional threats to medicinal animals, bioculturally oriented
planning can safeguard not only medicinal animals but also the
intertwined ecological and cultural systems in which they are
embedded.

Responses to this article can be read online at:
https://www.ecologyandsociety.org/issues/responses.
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Appendix

Supporting information: additional methods and literature

Methods

Data

The ITUCN Red List includes information on over 70,000 animal species. Of these, 658 were
classified as ‘medicinal’ use. For [UCN species, we excluded those used only for ‘biomedical
research’ and those that ‘may’ be used for medicine based on their taxonomic family. We also
recorded uses additional to medicine (i.e., food, clothing, etc).

We identified additional species from a literature search using Web of Science and Google
Scholar (for search terms and processes, see Figures Al.1, Al1.2). One hundred and eighty
articles we identified discussed medicinal species use and threats, and 96 offered information
about specific medicinal use (n = 1140 species). Our literature review also offered specific
medicinal use data not offered in the assessments of the same species listed in the IUCN
database. Of 180 studies describing medicinal uses from around the world, 49 occurred in Brazil
and 25 occurred in China.

From this list of species identified via the IUCN list and literature search, we categorized use
into specific categories. We identified 360 ailments treated by 1151 medicinal animals. We
categorized these treatments into spiritual and non-spiritual use. We found that some species (n =
180) had both spiritual and non-spiritual uses, and were coded as such in the analysis.

For species listed by the IJUCN, we additionally examined patterns of endangerment. The
Red List is created by multidisciplinary experts who assess the endangerment status of species as

‘Data Deficient,” ‘Least Concern,” ‘Near Threatened,” ‘Vulnerable,” ‘Endangered,” ‘Critically



Endangered,” ‘Extinct in the Wild,” or ‘Extinct” (IUCN 2019). We classified species in the
‘Vulnerable,” ‘Endangered,’ or ‘Critically Endangered’ categories as ‘at-risk’ of extinction
(Scheffers et al 2019. We also examined patterns in the threats species face with a subset of
species (n = 320) for which threat data exist. Threat data are unavailable for unlisted species we
identified from the literature (n = 443 species) as well as 209 of the medicinal IUCN Red List
species. Only 44 (~17%) of spiritual use species have threat data associated with them. Habitat
data was also unavailable for ~27% of medicinal species.

Finally, we identified if medicinal use species had listed threats related to exploitation as one
way to assess the degree to which medicinal, and other uses requiring exploitation of animals,
may impact species. Exploitation-related threats included "hunting & collecting terrestrial

animals”, "intentional use (species being assessed is the target)”, "fishing & harvesting aquatic

resources”, "intentional use: subsistence/small scale (species being assessed is the target

[harvest]”, and "intentional use: large scale (Species being assessed is the target)[harvest]".

Spatial distributions

We examined spatial patterns in medicinal use animals. Range data for all species excluding
birds were derived from the IUCN. Bird data were downloaded from Bird Life International
(BirdLife International 2019). The IUCN provided polygon data classified in groups of
mammals, conus, amphibians, lobsters, marine fish, reptiles, sea cucumbers, freshwater species,
sharks, rays, and chimaeras. All spatial data were at a species range scale, including migratory
ranges. We assumed medicinal use throughout the entire range. Such an assumption could not
account for variation in use across potentially many cultural groups, or species that additionally

use areas with low or non-existent populations of people.



Primary search

TOPIC: ((animal* OR wildlife
OR wildlife OR wild species))
] AND

TITLE: ((medicin* OR zootherapy OR
remed™ OR ritual* OR spiritual* OR
religio* OR magic* OR traditional))

n=2385

Identified for title and abstract
screening

n=418

Web of Science
I

Full texts assessed
n=122

Provide species data
n=44

Figure Al.1: Web of Science literature search terms and process.

Search Terms

“medicinal animals”
“medicinal animals threat”
“global medicinal animals”

“animals traditional medicine”
“spiritual medicinal animals”
“religious medicinal animals”
“magical medicinal animals”

Relevant non-duplicate articles
n=>58

Google Scholar

Provide species data
n=>52

Figure Al1.2: Google Scholar literature search terms and process



Supporting Literature:
The literature below provided the taxonomic and specific use data used in some analyses.

Species obtained from each source can be found in the supplementary data file.
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