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Prayer animal release: An understudied pathway for
introduction of invasive aquatic species

Kit Magellan
University of Battambang, Battambang, Cambodia

kitmagellan@gmail.com

It is more cost effective to prevent invasions than to eradicate or control invasive species once they
are established. We therefore need a thorough knowledge of the pathways by which invasive species
are introduced. Prayer animal release is the mainly Buddhist and Taoist tradition of releasing captive
animals to gain merit. Although it is assumed to benefit the animals being released as well as the
practitioners, prayer release as it is currently practiced has negative impacts that are at odds with the
intended compassion. Major impacts are the introduction of invasive species and enhancement of
spread and establishment. In this overview, I detail what is currently known about prayer release for
aquatic invasions and provide consensus views of the best ways to address any potential impacts.
Prayer release is rarely investigated as a potential pathway for introduction of invasive species and
there is a marked lack of research on the subject, especially in aquatic ecosystems. Invasion research-
ers urgently need to 1) conduct research to establish the extent and impacts of prayer release, 2)
engage with faith-based groups to encourage alteration of the practice so that it maintains its spiritual
intent while promoting ecological responsibility, and 3) recognize prayer release as a major pathway
for the introduction of invasive species.

Keywords: mercy release, merit release, religious release, introduction pathways, conservation-
religion cooperation

Introduction
Eradicating invasive species once they have

established is notoriously difficult (Mack et al.,
2000; Lockwood et al., 2007; Simberloff, 2009),
especially in aquatic ecosystems (Dudgeon et al.,
2006; Simberloff et al., 2014). It is more cost
effective to avert invasions by preventing these
species from being introduced (Simberloff et al.,
2013; Lockwood, et al., 2007). To do this, we
need to know how this is occuring. Some
common pathways in aquatic ecosystems are via
shipping, ballast water or attachment to ship hulls,
together with canal construction, recreational boat

use, escape from aquaculture facilities, intentional
release from aquaria or as a form of biocontrol, and
unintentional release of ‘hitchhikers’ such as para-
sites (Bax et al., 2001; Hulme et al., 2008; Molnar
et al., 2008; Duggan, 2010; Clarke Murray et al.,
2011; Lapointe et al., 2016). However, one active
introduction pathway which is rarely considered is
prayer animal release.

Prayer animal release is the practice of 'releas-
ing' animals for religious purposes (Severinghaus
and Chi, 1999; Shiu and Stokes, 2008; Liu et al.,
2012, 2013; Wasserman et al., 2019). This
traditional, mainly Buddhist and Taoist practice
(Shiu and Stokes, 2008; Liu et al., 2012, 2013;
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Awoyemi et al., 2016), dates back to the fifth or
sixth century (Shiu and Stokes, 2008; Pu, 2014;
Li and Davey, 2013). Prayer release is rooted in
a deep respect for the environment and motivated
by a desire to cause no harm to any living thing
(Liu et al., 2013; Pu, 2014). Its adherents believe
that releasing animals benefits the living creatures
they release, which may improve the karma of
the releaser and their loved ones and remove
life's obstacles (Agoramoorthy and Hsu, 2005;
Shiu and Stokes, 2008; Liu et al., 2013). It is
called fangsheng in Chinese, h�oj�o-e in Japanese,
and tshe thar in Tibetan. It is also known as reli-
gious release (Liu et al., 2013), merit release
(Gutti�errez et al., 2011; Gilbert et al., 2012),
wildlife release (Shiu and Stokes, 2008), animal
liberation (The Mahayana Buddhist Association:
http://www.fpmtmba.org.hk/), life release, lucky
release and mercy release, although mercy release
usually includes other forms of compassionate
release, such as release from the aquarium trade
for non-religious reasons (e.g. Rixon et al, 2005;
Duggan, 2010). Large scale events organized by
temples are known as Ceremonial animal releases
(Severinghaus and Chi, 1999). It is most wide-
spread in Asia (Severinghaus and Chi, 1999;
Awoyemi et al., 2012a; Liu et al., 2013), with
reports from China (Liu et al., 2012, 2013),
Taiwan (Agoramoorthy and Hsu, 2005),
Cambodia (Gilbert et al., 2012) and Hong Kong
(Shiu and Stokes, 2008); but also occurs world-
wide, for example in the U.K., U.S.A, Canada
and Australia (Shiu and Stokes, 2008; Awoyemi
et al., 2012a; Liu et al., 2013). In this paper, I
use 'prayer release' as a label for this practice so
it is clear that religious release of animals is the
focus, but note that the many other names given
are used in other literature.

Prayer animal release poses a paradox.
Despite the intended compassion and respect, it
has several potential negative effects for the ani-
mals that are being released, the humans doing
the releasing, and the environments into which
they are being released (Shiu and Stokes, 2008;
Awoyemi et al., 2012a, 2016; Liu et al., 2013).
Animals must firstly be obtained to be set free
and sometimes come from captive breeding, e.g.
aquaculture facilities, but more often are captured
from the wild. Many animals die during capture
and in captivity (Figure 1; Shiu and Stokes 2008;
Awoyemi et al., 2012, 2016) and the demand for

animals may be so high that often hunters are
waiting to recapture them once they have been
released, thus increasing the risk of death (Shiu
and Stokes 2008; Gilbert et al., 2012). Other gen-
eral adverse effects on biodiversity include gen-
etic swamping (i.e. the replacement of local
genotypes by hybrids or large numbers of non-
native genotypes), competition, vulnerability to
predation, and disease (Awoyemi et al., 2012a,
2016). In addition to extreme animal suffering,
the release of so many animals raises human
health concerns. For example, of 94 birds tested
that were obtained from around Buddhist pagodas
in Phnom Penh, Cambodia, and likely destined
for prayer release, 50 birds tested positive for
H5N1 (Highly Pathogenic Avian Influenza) viral
RNA while 24 carried infectious particles on
their feathers (Gutierrez et al. 2011). The pres-
ence and potential transfer of other zoonotic dis-
eases remains to be investigated. Also under-
investigated are ecosystem level impacts of
prayer release. Such impacts must therefore be
extrapolated from other studies of released ani-
mals. However, arguably the primary environ-
mental and ecological issue is the introduction of
invasive species (Severinghaus and Chi, 1999;
Shui and Stokes, 2008; Gilbert et al., 2012;
Awoyemi et al., 2012a, 2016). One tenet of prayer
release is that all animals should benefit, so if a
new species becomes available it will be preferen-
tially released. Moreover, market availability is a
major influence on what species are released with
practitioners purchasing whatever species are
available rather than specifying designated spe-
cies (Liu et al 2013). Many of the species released
during religious ceremonies are thus exotics
(Figure 2; Shiu and Stokes, 2008; Liu et al., 2012,
2013; Awoyemi et al., 2012, 2016; Wasserman
et al., 2019). For example, prayer release was the
major source of intentional animal introductions
in Taiwan (Chinese report cited in Shui and
Stokes, 2008). If these exotic species become
established, it can have serious consequences for
the recipient ecosystems. Invasive species are a
major driver of global change (e.g. Lockwood
et al 2007; Ricciardi 2007) and biodiversity loss
(e.g. Lockwood et al 2007; Brook et al 2008) and
their impacts may be far reaching.

Although prayer animal release has been
reported in the scientific literature for around
twenty years (Figure 3; Liu et al., 2012), little
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Figure 1. Turtle without its shell. For sale by vendors at the Royal Botanical Gardens, Siem Reap, Cambodia. This animal was
replaced the following day. Photo credit: Hang Chansophea, April 2019.
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attention has been paid to the role of prayer
release in biological invasions (Severinghaus and
Chi 1999; Shiu and Stokes 2008; Awoyemi et al
2012a; Liu et al 2012). Very little is known about
the dynamics of this practice, its impact on
release species, the adverse effects on release
areas, and to what level it is driving illegal wild-
life trade. Because of this lack of data, many reli-
gious groups and conservationists do not
recognise prayer release as a problem.
Quantifying individual releases is difficult and
researchers are generally not welcome at release
events and have no access to temple records
(Severinghaus and Chi, 1999), resulting in a lack
of systematic study on the subject (Shui and
Stokes, 2008). However, prayer release is now
happening on such a large scale, it cannot be
ignored (Severinghaus and Chi, 1999). Moreover,
its popularity has increased in recent years (Li
and Davey, 2013; Shui and Stokes, 2008) leading

to commercialization of the practice (Shui and
Stokes, 2008), Urgent action is thus needed to
avoid further devastating potential impacts of
prayer release.

Occurrences and impacts
The lack of systematic data (Shiu and Stokes,

2008) together with the difficulty of studying
prayer release (Severinghaus and Chi, 1999) and
insufficient ecological knowledge of prayer
release practitioners (Lui et al., 2013), means that
on the few occasions a biological invasion is con-
cluded to be a result of prayer release, it is
mostly because all other possibilities have been
eliminated. Although the chances of survival of
animals released into novel environments is low
(Mack et al., 2000; Lockwood et al., 2007;
Simberloff, 2009), animals are often specially
ordered for prayer release (Shui and Stokes,
2008), and multiple, large scale religious releases
increase both colonization pressure (number of
species) and propagule pressure (number of indi-
viduals of each species), so enhancing likely
invasion success (Lockwood et al., 2009; Liu
et al 2013). The extent and impacts of biological
invasions resulting from prayer release are there-
fore certain to be much greater than is cur-
rently documented.

Although mainly practiced in Asia, prayer
release is a huge global undertaking. For

Figure 2. Animals for sale for prayer release by one vendor
on the Yen Stream, Huang Pagoda, near Ha Noi, Vietnam: a)
buckets containing release animals, 50% of which were b)
Red-Eared Sliders. Photo credit: Kit Magellan, June 2019.

Figure 3. The frequency of publications and reports associat-
ing prayer animal release with biological invasions from 1999
to 2019: large white circles – articles covering any species or
ecosystem that mention that prayer release may promote bio-
logical invasions; medium grey circles – the subset of articles
that examine prayer release as an invasion pathway specific-
ally for aquatic ecosystems or species; small black circles –

systematic studies that investigate prayer animal release and
biological invasions.

Magellan / Aquatic Ecosystem Health and Management 22 (2019) 452–461 455



example, the temple release organizers at one
“Pure Land” temple in Vancouver, Canada, claim
to have released 25,000 pounds of sea creatures
into the Pacific Ocean over 13 years (Shui and
Stokes, 2008), and in 2015, Buddhists released
100kg of Lobster and 70kg of Spider Crabs into
the sea off the Brighton Coast, U.K. (Walker,
2015), which were thought to be the Crab Cancer
magister and the Lobster Homarus americanus
(Cottier-Cook et al., 2017). These data from a
single organization and single release event,
respectively, can be compared to other invasion
pathways. For example, it is estimated that
10,000 fish are released from aquaria in
Montr�eal, Canada each year (Gertzen et al.,
2008). In Asia, prayer release is practised in at
least Taiwan, Hong Kong, Malaysia, Cambodia,
Thailand, Vietnam, Korea and China
(Severinghaus and Chi, 1999; Agoramoorthy and
Hsu, 2005; Shui and Stokes, 2008; Awoyemi
et al., 2012a; Gilbert et al., 2012; Liu et al.,
2012, 2013) and is cited, along with aquaculture,
as one of two main sources of fish introductions
into Tibet (Fan et al., Tibet Agriculture and
Animal Husbandry University, Tibet, pers.
comm). In some areas it is so common, that there
are known release sites. For example, Sharp
Island in Hong Kong is a popular area for prayer
release of marine species (Shea and To, 2018).
Taiwan is perhaps the most well studied region.
In Taipei, Taiwan, 29.5% of the population prac-
tices prayer animal release, with 64% of people
surveyed doing so individually, rather than
through a temple (Severinghaus and Chi 1999).
Animal welfare groups claim that, until recently,
Taiwanese spent over $6 million annually to
release 200 million wild animals (Agoramoorthy
and Hsu, 2005). Moreover, the practice is not
limited by religion: in Taiwan people of all faiths
practice prayer release, including Christian and
non-religious people, though at a lower intensity
than Buddhists and Taoists (Severinghaus and
Chi, 1999).

Many animal species may be involved in
prayer release including birds (Shiu and Stokes,
2008; Gilbert et al., 2012), amphibians and rep-
tiles (Liu et al 2012, 2013), fish (Shiu and
Stokes, 2008), insects and monkeys
(Agoramoorthy and Hsu, 2005). Turtles, which
symbolize longevity, and birds, which give an
impressive ceremonial effect, are commonly

released (Shiu and Stokes, 2008). Most of the
research on the extent of prayer release concerns
birds, which are often sold in large quantities,
maybe 300-500 animals at a time (Severinghaus
and Chi, 1999, Gutierrez et al., 2011; Gilbert
et al., 2012). For example, in Hong Kong
680,000-1,050,000 birds are estimated to be sold
for prayer release each year (Chan, 2006), while
the estimated annual turnover of prayer release
bird sales in Phnom Penh, Cambodia was
668,675 individuals of 57 native species, includ-
ing threatened species (Gilbert et al 2012). In
Taiwan, this is thought to be mostly native bird
species, as they are cheaper (Su et al., 2015), but
the high demand has also led to a large commer-
cial trade in captive wild animals which may
result in an unsustainable rate of harvest. For
example, in Cambodia over one year, 12,751
individuals of the near threatened Asian golden
weaver, Ploceus hypoxanthus, were observed in
markets which represents a significant proportion
of the global population (Gilbert et al., 2012).

In aquatic ecosystems, fish, amphibians, rep-
tiles and invertebrates are all released. Prayer
release is one of the main avenues from aquaria to
nature (Padilla and Williams, 2004) and four turtle
species (Yellow-Bellied Slider. Trachemys scripta
scripta; Cumberland Slider, T. s. troostii;
Common Musk Turtle, Sternotherus odoratus;
Eastern Mud Turtle, Kinosternon subrubrum)
assessed using the “Relative Invasion Risk” metric
were all considered to be likely invasives, in part
due to their use in prayer release (Dickey et al.,
2018). Two of the main aquatic invasive species
known to be released are the American Bullfrog,
Lithobates catesbaianus (¼ Rana catesbiana) (Liu
et al., 2012, 2013) and the Red-Eared Slider,
Trachemys scripta elegans (Figure 2; Liu et al.,
2013), both of which are included among the
world’s 100 worst invasive species (Lowe et al.,
2004). A study encompassing four provinces in
China (Zhejiang, Hubei, Sichuan, Yunnan) found
that approximately 71.5% of temples surveyed
reported releasing either Bullfrogs or Sliders and
36.4% reported releasing both (Liu et al., 2013).
Both species were found at release sites and, with
other factors taken into account (e.g. breeding
farms), prayer release was concluded to be the
most likely cause of establishment of these popula-
tions (Liu et al 2012, 2013). Although the authors
did not quantify specific impacts, both Bullfrogs
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and Sliders are widely available at markets in
Southern China (Cheung and Dudgeon, 2006) and
elsewhere, and Turtle longevity and success as
invaders mean once they are released, they are
likely to rapidly spread and establish. Indeed,
sliders, known locally as Brazil Turtles, are now
the second most abundant Turtle species in
Taiwan (Lue and Chan 1996, cited in
Severinghaus and Chi, 1999), and the high fre-
quency of prayer release of bullfrogs is likely a
major factor in the establishment of bullfrog popu-
lations in China (Liu et al 2012, 2013).

Other aquatic invasive species that are com-
monly used are Asian Carps (Severinghaus and
Chi, 1999). In Canadian (Mandrak and Cudmore,
2004) and United States (USFWS, 2006) govern-
ment risk assessments, one pathway for introduc-
tion of Asian Carp, especially Bighead
(Hypophthalmichthys nobilis) and Silver (H.
molitrix) Carps is “release for religious reasons”
and a live Bighead Carp found in a fountain pool
in downtown Toronto, Ontario, was most likely
purchased from a nearby live fish market
(Crossman and Cudmore, 1999) and released. As
well as carp, other invasive species believed to
be used for release in the U.S. include Northern
Snakehead (Channa argus) and Swamp Eels
(Monopterus spp.) (Courtenay and Williams,
2004; Nico et al., 2011). Finally, after ruling out
all other possibilities, the release of the Killifish
Aplocheilus lineatus in Bukit Batik Nature Park
in Singapore was thought to be through prayer
release (Yeo and Lim, 2010).

Data on impacts directly associated with
prayer release are scarce, especially for invasive
species. Most of the known impacts concern ani-
mal suffering and death, and again focus on
birds. In Asia release animals are usually bought
from pet stores (Severinghaus and Chi, 1999; Lui
et al., 2012). Pet stores obtain animals from vari-
ous sources: turtles and fish tend to be captive
bred foreign species, but birds tend to be wild
caught (Severinghaus and Chi, 1999). In all cases
animals are often kept until an auspicious day,
thereby increasing the likelihood of suffering in
captivity (Shui and Stokes, 2008). Moreover,
wild-caught animals are often recaptured after
release, further increasing the chances of suffer-
ing and death (Shiu and Stokes 2008; Gilbert
et al., 2012). Even without recapture, mortality
may be high. In the Baiyun area of Guangzhou,

China, 8000 birds were found dead after weekend
morning release events (news article from the
Chinese newspaper Sing Tao Daily reported in
Shui and Stokes, 2008) and the death rate of
release birds is 90% or higher (Institute
of Supervising Animal Endemic Control of
Guangzhou cited in Shui and Stokes, 2008). It is
sadly likely that more animals die than are
released (Shui and Stokes, 2008).

Other impacts are expected or assumed. In the
U.S., animals destined for prayer release are often
purchased from live food markets (Severinghaus
and Chi, 1999). One study on imported Asian
Swamp Eels (Monopterus spp.), identified as M.
albus from Vietnam, at a live food market in
Atlanta, Georgia found 95% of individuals exam-
ined contained a total of 394 parasites (Nico
et al., 2011). Some of these animals are believed
to be destined for prayer release (Nico et al.,
2011) so potentially aiding the introduction and
spread of invasive Swamp Eels and their para-
sites. Disease transmission is also a risk (Shiu
and Stokes, 2008). The global wildlife trade,
which includes many release animals, provides a
disease transmission route that threatens live-
stock, native wildlife populations and ecosystem
health (Karesh et al. 2007). However, perhaps
more persuasive is the risk to human health and
livelihoods (Karesh et al. 2007; Gilbert et al
2012). Many animals carry zoonotic infections
considered risky to public health (Gilbert et al
2012). For example, one study found significant
quantities of the Highly Pathogenic Avian
Influenza H5N1 virus, including infectious par-
ticles, on Eurasian Tree Sparrows, Passer monta-
nus, which are used for prayer release (Gutti�errez
et al., 2011). Other impacts can be inferred from
general knowledge of invasive species. For
example, prayer release can greatly increase local
predation pressure or competition, lead to genetic
swamping of native species and increase the like-
lihood of hybridization with native species
(Severinghaus and Chi, 1999).

The way forward
The importance of biological invasions is rec-

ognized by the Convention on Biological
Diversity (http://www.cbd.int), article 8(h) of
which states that “Each contracting Party shall, as
far as possible and as appropriate, prevent the
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introduction of, control or eradicate those alien
species which threaten ecosystems, habitats or
species”. The Aichi Biodiversity Targets (https://
www.cbd.int/sp/targets/default.shtml) further states
that “By 2020, invasive alien species and pathways
are identified and prioritized, priority species are
controlled or eradicated, and measures are in place
to manage pathways to prevent their introduction
and establishment.” (Strategic Goal B: Target 9).
Invasion researchers thus need to recognise and
research prayer release as a major pathway for the
introduction of invasive species. Two research areas
in need of immediate attention are assessing the
extent, and quantifying impacts, of prayer release.
Studies examining animal welfare impacts associ-
ated with indigenous wildlife use in general are
scarce (Hampton and Hyndman, 2019) and for
prayer release they are almost non-existent.
However, even without direct research, invasion
researchers can raise awareness of the problems
with prayer release simply by acknowledging it
exists and assessing it alongside other invasion
pathways. Even intensive reviews usually fail to
recognize prayer release as a pathway (e.g. Molnar
et al., 2008) and only two papers assessing a variety
of introduction pathways (Lapointe et al., 2016;
Shea and To, 2018) considered prayer release but
ruled it out.

The Aichi Biodiversity Targets also state that
“By 2020, the traditional knowledge, innovations
and practices of indigenous and local commun-
ities relevant for the conservation and sustainable
use of biodiversity, and their customary use of
biological resources, are respected, subject to
national legislation and relevant international
obligations, and fully integrated and reflected in
the implementation of the Convention with the
full and effective participation of indigenous and
local communities, at all relevant levels.”
(Strategic Goal E, Target 18: https://www.cbd.
int/sp/targets/default.shtml). Although in the case
of prayer release modernization of traditional
knowledge is necessary (Severinghaus and Chi
1999; Shiu and Stokes 2008; Liu et al 2013), the
themes of respect for, and participation of, indi-
genous and local communities are advocated. The
paradoxical negative consequences of prayer
release are largely unintentional and stem mostly
from lack of ecological knowledge (Gong et al.,
2012; Liu et al., 2013). In the bullfrog example
above, ecological knowledge had the greatest

influence on the release of invasive species with
82% of mass release organizers who did not
release invasives citing ecological knowledge of
invasives as their reason (Liu et al 2013). In
another example, Buddhist temples in Shanghai,
China have made an 8-year commitment to pro-
mote conservation within their teachings (known
as the Windsor Commitments: Colwell et al.
2009), but among laudable aims to educate on
and provide funding for ecological issues and
encourage protection of the environment, is the
commitment to increase the release of animals
from captivity through increased “Releasing
Lives Ceremonies” (Colwell et al. 2009).
Targeted public education using a variety of
media could thus be an effective strategy to pre-
vent the release of invasive species
(Severinghaus and Chi, 1999; Agoramoorthy and
Hsu, 2005; Liu et al., 2012, 2013; Awoyemi
et al., 2016).

Effective ecological monitoring needs input
from scientists, policy makers and managers
(Lindenmayer and Likens, 2010) which in this
case can be extended to partnerships with faith-
based groups. Resource managers and scientists
do not fully engage with faith-based groups
(McLeod and Palmer, 2015) which represent
around 84% of the global population (Pew
Research Center, 2012). Partnerships between
conservation organizations and religious groups
would lend legitimacy to conservation efforts and
encourage public support (Bhagwat et al 2011;
Awoyemi et al., 2012a). World religions have
historically advocated ethical and moral codes of
conduct which can be integrated with conserva-
tion (Bhagwat et al., 2011) and Buddhist teach-
ings in particular contain much ecological
thinking (Colwell et al. 2009; Pu, 2014). Religion
can therefore play a positive role in promoting
conservation biology (Bhagwat et al 2011; Liu
et al 2013; McLeod and Palmer, 2015), especially
if practitioners can re-examine the fundamental
reasons for prayer release practices and modify
the current approach, which can be achieved via
interactions with conservationists. However, reli-
gion led conservation must be accompanied by
sound environmental governance and policy
(Gong et al 2012). The commercial demand for
release animals has resulted in the import of
exotic species for this purpose (Shui and Stokes,
2008), so legislation to prohibit the sale of high-
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risk species would be beneficial (Awoyemi
et al., 2016).

Finally, abrupt changes in practices to align
with conservation goals are unlikely to be suc-
cessful (Manfredo et al., 2017) and several
researchers have proposed pragmatic alternatives.
For example, Awoyemi et al. (2012b) suggest
that practitioners should be encouraged to support
endangered species and reintroduction programs
or wildlife rescue centres, or adopt a domestic
animal destined for slaughter, while Awoyemi
et al. (2016) advocate for using native species
and interacting with qualified conservationists to
carry out responsible release activities.
Recognising that any change will take time,
Wasserman et al. (2019) propose that impacts of
prayer release can be mitigated, particularly in
aquatic ecosystems, by selecting low impact, low
dispersal species and releasing them at sites of
low conservation value and with no connectivity
to other water bodies. Any of these possibilities
would provide a way of maintaining spiritual and
ecological integrity (Awoyemi et al. 2012a), but
all require communication and cooperation
between religious groups, managers and policy
makers, and especially invasion researchers.

Conclusions
Prayer animal release is a major pathway for

the introduction of invasive species and the way it
is currently practiced enhances the spread and
establishment of aquatic invasives. However, the
limited research in this field (Figure 3) means that
impacts are much greater than currently docu-
mented. This is an ideal time to address the issue
of prayer release. Society, including religious
groups, is evolving a greater understanding of the
consequences of human action for nature resulting
in greater responsibility (Awoyemi et al., 2016).
Moreover, interest in the negative impacts of
prayer release is growing both globally and
locally, and among scientists and faith-based
groups. For example, in May 2016 Master Hsing
Yun (an eminent Chinese Buddhist) stated “Mercy
release is the release of death” (see: http://arc-
world.org/news.asp?pageID=816). The untapped
potential of conservation-religion partnerships to
address conservation issues in general and prayer
release in particular cannot be over-estimated. In
China alone there are over 100 million Buddhists

and 13,000 monasteries (Colwell et al. 2009): har-
nessing the capacity of Buddhists, and the billions
of people affiliated with one of the world’s 11
mainstream faiths, to achieve conservation ideals
could prove invaluable.

South East Asian aquatic ecosystems, where
much prayer release activity occurs, are especially
vulnerable. South East Asia aquatic ecosystems
constitute a biodiversity hotspot (e.g. Dudgeon,
2000; Sodhi et al., 2004), and are already threat-
ened by habitat destruction and hydrological alter-
ation, in particular the construction of hydropower
dams (Dudgeon, 2000). Moreover, invasion
research in South East Asia is severely limited
compared to the rest of the world (Peh, 2010).
Successful control of invasive species depends on
continued commitment and diligence (Mack et al.,
2000) and Buddhists are acting in good faith so
should be provided with alternatives that encom-
pass the compassionate spirit of prayer animal
release while maintaining ecologically responsibil-
ity (Awoyemi et al. 2012b). Invasion researchers
need to stop overlooking the importance of prayer
release and recognise it as a major pathway for the
introduction of invasive species, particularly in
aquatic ecosystems.
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I., Knowler, D.J., L�evêque, C., Naiman, R.J., Prieur-
Richard, A.-H., Soto, D., Stiassny, M.L.J., Sullivan, C.A.,
2006. Freshwater biodiversity: importance, threats, status
and conservation challenges. Biol. Rev. 81, 163–182. doi:
10.1017/S1464793105006950

Duggan, I.C., 2010. The freshwater aquarium trade as a vector
for incidental invertebrate fauna. Biol. Invasions 12,
3757–3770. doi:10.1007/s10530-010-9768-x

Gertzen, E., Familiar, O., Leung, B., (2008) Quantifying invasion
pathways: fish introductions from the aquarium trade. Can. J.
Fish. Aquat. Sci. 65, 1265–1273. doi:10.1139/F08-056

Gilbert, M., Chea, S., Joyner, P.H., Thomson, R.L., Poole, C.,
2012. Characterizing the trade of wild birds for merit
release in Phnom Penh, Cambodia and associated risks to
health and ecology. Biol. Conserv. 153, 10–16. doi:10.
1016/j.biocon.2012.04.024

Gong, B., Hamer, R., Meng, X., Meng, Q., Feng, J., Xue D.,
2012. Limits to religious conservation efforts. Science
338, 740. doi:10.1126/science.338.6108.740-a

Guti�errez, R.A., Sorn, S., Nicholls, J.M., Buchy, P. 2011.
Eurasian tree sparrows, risk for H5N1 virus spread and
human contamination through Buddhist ritual: an experi-
mental approach. PLoS ONE 6(12): e28609. doi:10.1371/
journal.pone.0028609

Hampton, J.O., Hyndman, T.H., 2019. Underaddressed ani-
mal-welfare issues in conservation. Conserv. Biol. 33,
803–811. doi:10.1111/cobi.13267

Hulme, P.E., Bacher, S., Kenis, M., Klotz, S., K€uhn, I.,
Minchin, D., Nentwig, W., Olenin, S., Panov, V., Pergl,
J., Pysek, P., Roques, A., Sol, D., Solarz, W., Vil�a, M.,
2008. Grasping at the routes of biological invasions: a
framework for integrating pathways into policy. J. Appl.
Ecol. 45, 403–414. doi:10.1111/j.1365-2664.2007.01442.x

Karesh, W.B., Cook, R.A., Gilbert, M., Newcomb, J., 2007.
Implications of wildlife trade on the movement of avian
influenza and other infectious diseases. J. Wildlife Dis.
43, S55–S59.

Lapointe, N.W.R., Fuller, P.L., Neilson, M., Murphy, B.R.,
Angermeier, P.L., 2016. Pathways of fish invasions in the
Mid-Atlantic region of the United States. Manag. Biol.
Invasions 7, 221–233. doi:10.3391/mbi.2016.7.3.02

Li, P.J., Davey, G., 2013. Culture, reform politics, and future
directions: a review of china’s animal protection chal-
lenge. Society & Animals 21, 34–53. doi:10.1163/
15685306-12341264

460 Magellan / Aquatic Ecosystem Health and Management 22 (2019) 452–461

https://conbio.org/policy/prayer-animal-release-can-embody-conservation-principles-a-call-to-action
https://conbio.org/policy/prayer-animal-release-can-embody-conservation-principles-a-call-to-action
https://doi.org/10.1126/science.338.6114.1537-b
https://conbio.org/policy/prayer-animal-release-can-embody-conservation-principles-a-call-to-action
https://conbio.org/policy/prayer-animal-release-can-embody-conservation-principles-a-call-to-action
https://conbio.org/policy/prayer-animal-release-can-embody-conservation-principles-a-call-to-action
https://doi.org/10.1046/j.1523-1739.2001.99487.x
https://doi.org/10.1111/j.1755-263X.2011.00169.x
https://doi.org/10.1016/j.tree.2008.03.011
https://doi.org/10.1002/aqc.803
https://doi.org/10.1111/j.1472-4642.2011.00798.x
http://fl.biology.usgs.gov/Snakehead_circ_1251/html/flyer.html
http://fl.biology.usgs.gov/Snakehead_circ_1251/html/flyer.html
https://doi.org/10.3897/neobiota.40.28519
https://doi.org/10.1641/0006-3568(2000)050[0793:LSHCIT
https://doi.org/10.1017/S1464793105006950
https://doi.org/10.1007/s10530-010-9768-x
https://doi.org/10.1139/F08-056
https://doi.org/10.1016/j.biocon.2012.04.024
https://doi.org/10.1016/j.biocon.2012.04.024
https://doi.org/10.1126/science.338.6108.740-a
https://doi.org/10.1371/journal.pone.0028609
https://doi.org/10.1371/journal.pone.0028609
https://doi.org/10.1111/cobi.13267
https://doi.org/10.1111/j.1365-2664.2007.01442.x
https://doi.org/10.3391/mbi.2016.7.3.02
https://doi.org/10.1163/15685306-12341264
https://doi.org/10.1163/15685306-12341264


Lindenmayer, D.B., Likens, G.E., 2010. The science and
application of ecological monitoring. Biol. Conserv. 143,
1317–1328. doi:10.1016/j.biocon.2010.02.013

Liu, X., McGarrity, M.E., Li. Y., 2012. The influence of trad-
itional Buddhist wildlife release on biological invasions.
Conserv. Lett. 5, 107–114. doi:10.1111/j.1755-263X.2011.
00215.x

Liu, X., Mcgarrity, M.E., Bai, C., Ke, Z., Li, Y., 2013.
Ecological knowledge reduces religious release of invasive
species. Ecosphere 4, Article 21. doi:10.1890/ES12-00368.1

Lockwood, J.L., Hoopes, M.F., Marchetti, M.P., 2007. Invasion
Ecology. Blackwell Publishing, Massachusetts, U.S.A.

Lockwood, J.L., Cassey, P., Blackburn, T.M., 2009. The more
you introduce the more you get: the role of colonization pres-
sure and propagule pressure in invasion ecology. Diversity
Distrib. 15, 904–910. doi:10.1111/j.1472-4642.2009.00594.x

Lowe, S., Browne, M., Boudjelas, S., De Poorter, M., 2004.
100 of the World’s Worst Invasive Alien Species: A
selection from the Global Invasive Species Database. 2nd
edition. The Invasive Species Specialist Group (ISSG) a
specialist group of the Species Survival Commission
(SSC) of the World Conservation Union (IUCN).

Mack, R.N., Simberloff, D., Lonsdale, W.M., Evans, H.,
Clout, M., Bazzaz, F.A., 2000. Biotic invasions: causes,
epidemiology, global consequences, and control. Ecol.
Appl. 10, 689–710. doi:10.2307/2641039

Mandrak, N.E., Cudmore, B., 2004. Risk Assessment for
Asian Carps in Canada. Fisheries and Ocean Canada,
Burlington, Ontario, Canada.

Manfredo, M.J., Bruskotter, J.T., Teel, T.L., Fulton, D.,
Schwartz, S.H., Arlinghaus, R., Oishi, S., Uskul, A.K.,
Redford, K., Kitayama, S., Sullivan, L., 2017. Why social
values cannot be changed for the sake of conservation.
Conserv. Biol. 31, 772–780. doi:10.1111/cobi.12855

Mcleod, E., Palmer, M., 2015. Why conservation needs reli-
gion. Coast. Manage. 43, 238–252. doi:10.1080/08920753.
2015.1030297

Molnar, J.L., Gamboa, R.L., Revenga, C., Spalding, M.D.,
2008. Assessing the global threat of invasive species to
marine biodiversity. Front. Ecol. Environ. 6, 485–492.
doi:10.1890/070064

Nico, L.G., Sharp, P., Collins, T.M., 2011. Imported Asian
swamp eels (Synbranchidae: Monopterus) in North
American live food markets: potential vectors of non-
native parasites. Aquat. Invasions 6, 69–76. doi:10.3391/
ai.2011.6.1.08

Padilla, D.K., Williams, S.L., 2004. Beyond ballast water:
aquarium and ornamental trades as sources of invasive
species in aquatic ecosystems. Front. Ecol. Environ. 2,
131–138. doi:10.2307/3868238

Peh, K. S.-H., 2010. Invasive species in Southeast Asia: the
knowledge so far. Biodivers. Conserv. 19, 1083–1099.
doi:10.1007/s10531-009-9755-7

Pew Research Center, 2012. The Global Religious Landscape.
Pew Research Center’s Religion & Public Life, Washington
D.C., U.S.A. Retrieved from http://www.pewforum.org/
2012/12/18/global-religious-landscape-exec/ (Accessed
December 15th 2018).

Pu, C., 2014. Ethical Treatment of Animals in Early Chinese
Buddhism: Beliefs and Practices. Cambridge Scholars
Publishing, U.K.

Ricciardi, A., 2007. Are modern biological invasions an
unprecedented form of global change? Conserv. Biol. 21,
329–336. doi:10.1111/j.1523-1739.2006.00615.x

Rixon, C.A.M., Duggan, I.C., Bergeron, N.M.N., Ricciardi,
A., Macisaac, H.J., 2005. Invasion risks posed by the
aquarium trade and live fish markets on the Laurentian
Great Lakes. Biodivers. Conserv. 14, 1365–1381. doi:10.
1007/s10531-004-9663-9

Severinghaus, L.L., Chi, L., 1999. Prayer animal release in
Taiwan. Biol. Conserv. 89, 301–304. doi:10.1016/S0006-
3207(98)00155-4

Shea, S.K.H., To, A.W.L., 2018. Ocean fifteen: new records
of reef fish species in Hong Kong. Mar. Biodivers. Rec.
11, 24.

Shiu, H., Stokes, L., 2008. Buddhist animal release practices:
historic, environmental, public health and economic con-
cerns. Contemporary Buddhism 9,181–196. doi:10.1080/
14639940802556529

Simberloff, D., 2009. We can eliminate invasions or live with
them. Successful management projects. Biol. Invasions
11,149–157. doi:10.1007/s10530-008-9317-z

Simberloff, D., 2014. Biological invasions: What’s worth
fighting and what can be won? Ecol. Eng. 65, 112–121.
doi:10.1016/j.ecoleng.2013.08.004

Simberloff, D., Martin, J.-L., Genovesi, P., Maris, V., Wardle,
D.A., Aronson, J., Courchamp, F., Galil, B., Garc�ıa-
Berthou, E., Pascal, M., Py�sek, P., Sousa, R., Tabacchi,
E., Vila, M., 2013. Impacts of biological invasions: what’s
what and the way forward. Trends Ecol. Evol. 28, 58–66.
doi:10.1016/j.tree.2012.07.013

Sodhi, N.S., Koh, L.P., Brook, B.W., Ng, P.K.L., 2004.
Southeast Asian biodiversity: an impending disaster.
Trends Ecol. Evol. 19, 654–660. doi:10.1016/j.tree.2004.
09.006

Su, S., Cassey, P., Vall-llosera, M., Blackburn, T.M., 2015.
Going cheap: determinants of bird price in the Taiwanese
pet market. PLoS ONE 10(5), e0127482. doi:10.1371/
journal.pone.0127482

U.S. Fisheries and Wildlife Service (USFWS), 2006. Listing
Silver carp (Hypophthalmichthys molitrix) as injurious
wildlife under the Lacey act. USFWS, Arlington,
Virginia, U.S.A.

Walker, E., 2015. Investigation launched after Buddhists
release non-native species of Canadian lobster and
Dungeoness crab into the sea off Brighton. The Argus.
Buckinghamshire, U.K. Retrieved from www.theargus.co.
uk/news/13349747 (Accessed December 15th 2018)

Wasserman, R.J., Dick, J.T.A., Welch, R.J., Dalu, T.,
Magellan, K., 2019. Site and species selection for reli-
gious release of non-native fauna. Conserv. Biol. 33,
969–971. doi:10.1111/cobi.13250

Yeo, D.C.J., Lim, K.K.P., 2010. Aplocheilus lineatus, a non-
native killifish (actinopterygii: Cyprinodontiformes: aplo-
cheilidae) in Singapore. Nature In Singapore 3, 327–332.

Magellan / Aquatic Ecosystem Health and Management 22 (2019) 452–461 461

https://doi.org/10.1016/j.biocon.2010.02.013
https://doi.org/10.1111/j.1755-263X.2011.00215.x
https://doi.org/10.1111/j.1755-263X.2011.00215.x
https://doi.org/10.1890/ES12-00368.1
https://doi.org/10.1111/j.1472-4642.2009.00594.x
https://doi.org/10.2307/2641039
https://doi.org/10.1111/cobi.12855
https://doi.org/10.1080/08920753.2015.1030297
https://doi.org/10.1080/08920753.2015.1030297
https://doi.org/10.1890/070064
https://doi.org/10.3391/ai.2011.6.1.08
https://doi.org/10.3391/ai.2011.6.1.08
https://doi.org/10.2307/3868238
https://doi.org/10.1007/s10531-009-9755-7
http://www.pewforum.org/2012/12/18/global-religious-landscape-exec/
http://www.pewforum.org/2012/12/18/global-religious-landscape-exec/
https://doi.org/10.1111/j.1523-1739.2006.00615.x
https://doi.org/10.1007/s10531-004-9663-9
https://doi.org/10.1007/s10531-004-9663-9
https://doi.org/10.1016/S0006-3207(98)00155-4
https://doi.org/10.1016/S0006-3207(98)00155-4
https://doi.org/10.1080/14639940802556529
https://doi.org/10.1080/14639940802556529
https://doi.org/10.1007/s10530-008-9317-z
https://doi.org/10.1016/j.ecoleng.2013.08.004
https://doi.org/10.1016/j.tree.2012.07.013
https://doi.org/10.1016/j.tree.2004.09.006
https://doi.org/10.1016/j.tree.2004.09.006
https://doi.org/10.1371/journal.pone.0127482
https://doi.org/10.1371/journal.pone.0127482
http://www.theargus.co.uk/news/13349747
http://www.theargus.co.uk/news/13349747
https://doi.org/10.1111/cobi.13250

	Abstract
	Introduction
	Occurrences and impacts
	The way forward
	Conclusions
	Acknowledgements
	Funding
	References


