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Abstract

Venomous snakebite is a neglected tropical disease and disease of poverty, affecting
hundreds of thousands of people annually. The only effective medical intervention
for snakebite is antivenom, produced primarily using captive venomous snakes as a
source of venom. This paper analyzes snakes’ welfare at venom labs within this global
health context. I recommend significant changes to improve the welfare of captive
snakes, particularly in light of recent ethological research and attention on snakes.
These recommendations are broadly consequentialist, aiming to improve the lives of
the snakes and ensure that people have increased access to affordable antivenom.
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1 Introduction

Captive animals are kept in many contexts. Some are pets. Some are at zoos.
Some are raised for human consumption. Others are held in research labs.
Regardless of the circumstances, this heterogeneity raises unique ethical
dimensions. What welfare considerations or rights are afforded or recognized
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with these animals plausibly varies depending on the context and circum-
stances of their confinement. Here, I highlight one often overlooked captive
context: snakes kept in venom extraction facilities used to produce antivenom.

To spotlight this, I first outline the how and why of these animals’ long-term
captivity. To do that, Iintroduce snake envenomation as a neglected tropical dis-
ease, venom variation, and the global manufacturing of antivenom. This fore-
grounds ethical obligations to captive snakes and a growing body of scientific
evidence. In sum, I recommend expanded institutional and ethical obligations
for these animals while affirming broadly consequentialist and welfare-based
reasons why continued captivity is justified but must be improved.

2 Venom and Global Envenomation

Venom is a secretion produced in specialized cells or organs in one animal
and then delivered, often injected, into another animal. This secretion, used
for defense, feeding, or other specialized behavior, disrupts biochemical pro-
cesses in the receiving organism (Mackessy 2010; Fry 2015). Snakes are well-
recognized venomous organisms, partly because of some species’ capacity to
dangerously affect humans with their venom.

Venomous snakebite (“snakebite”) is a neglected tropical disease primar-
ily affecting rural, poor individuals in India, sub-Saharan Africa, Central and
South America, and Southeast Asia (Gutiérrez et al. 2017). This international
problem is characterized as a “disease of poverty,” which is a disease far more
prevalent in low-income people and populations; with snakebite, the people
bitten or at risk of being bitten primarily live in poor rural communities with-
out sufficient economic opportunities or infrastructure (Harrison et al. 2009).
Exact figures are difficult to determine, but somewhere between 50 and 100
thousand people die from venomous snake bites yearly (GBD 2022). The num-
ber of non-fatally bitten people ranges much higher, perhaps as high as five
hundred thousand (Kasturiratne 2008). Long-term complications from snake
bites, such as disfigurement, kidney failure, mental illness, or permanent
injury, are understudied and underreported aspects of an already neglected
problem (Jayawardana et al. 2018; Waiddyanatha et al. 2019).

The World Health Organization (WHO) suggests that 137 million US$ is nec-
essary to halve global snakebite by 2030 (WHO 2019), primarily by decreasing
the price of antivenom and making it more accessible. Antivenom is often
prohibitively expensive due to a limited number of local and international
manufacturers, influencing the supply. In West Africa, for example, vials of
antivenom may cost over three hundred dollars, which is in stark contrast

JOURNAL OF APPLIED ANIMAL ETHICS RESEARCH (2024) 1-22



NEGLECTED TROPICAL DISEASES AND LONG-TERM CAPTIVE ANIMALS 3

to wHO recommendations for antivenom to cost around three dollars a vial
(Habib et al. 2020). Other regions, such as India, are similarly unaffordable
(WHO 2019, 5).

The supply and availability of antivenom is paramount because it is the only
effective medical treatment for snake envenomation (WHO 2019). Antivenom
is primarily developed by extracting venom from a snake and injecting it into
another animal (often called a “donor animal”), such as a sheep or horse, trig-
gering an immune response. Over time, increasing amounts of venom are
injected into the donor animal, further increasing the number of antibodies
the donor animal produces, which effectively inoculates the animal against
that venom. The donor animal then has its blood drawn, and the hyperim-
mune serum can be used as a source of antivenom. This allows the previously
developed antibodies to bind to the venom proteins injected into a human or
other animal via snake bite. In brief, donor animals are used to develop anti-
bodies in response to specific venom proteins, which are used to produce anti-
venom (Lalloo & Theakston 2003; Mackessy 2010; Ledn et al. 2018).1

Antivenom, however, often must be sensitive to specific genera or individual
species. A range of proteins constitutes snake venom, and antivenom’s effec-
tiveness is often gauged in terms of targeting these proteins. Protein structure
and composition variations may render an antivenom less effective or inef-
fective against some envenomations. For example, venom from rattlesnakes
(genus Crotalus) often has a high number of cytotoxins, which cause cell death;
contrast this with many cobras (genus Naja), which typically have a higher
number of neurotoxins in their venom, which affect breathing and motor
control.2 Antivenom developed for one genus (or species) is unlikely to be as
effective with another: rattlesnake antivenom will not be as effective against
cobra envenomation as opposed to rattlesnake envenomation, and vice versa.
Polyvalent/polyspecific antivenoms, composed of venoms across regions and
species, are manufactured to simplify administering antivenom after a bite but
do not entirely dissolve the concern of antivenom efficacy.

The concern of venom variation is further compounded because of variation
between and within species. Phenotypic, ontogenetic, or geographic variation
in snake venom is well documented in medically significant taxa: Daboia (Pla
et al. 2019; Lingam et al. 2020), Bothrops (Rodrigues et al. 1998; da Silva Aguiar
et al. 2019; Del-Rei et al. 2019; Hatakeyama et al. 2021), Bitis (Youngman et al.
2019), Naja (Wong et al. 2018; Shashidharamurthy et al. 2020), Ophiophagous

1 There are ethical dimensions to keeping and using donor animals, such as horses and sheep,
in antivenom production. However, I do not discuss them in this paper.
2 This example is meant to be illustrative of broad generalities, not exact.
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(Tan et al. 2020), Echis (Hashmi et al. 2020), and Crotalus (Boldrini-Franca et al.
2010; Sunagar et al. 2014; Dowell et al. 2018; Zancolli et al. 2019).

There is variation across the range of an organism (Smith et al. 2023),
which complicates research, manufacturing, and delivery of antivenom (Fry
et al. 2003a). Variation in non-medically significant to human snakes (i.e.,
Diadophis) is not as well studied (Fry et al. 2003b; Mackessy 2010; Mackessy &
Saviola 2016).

The effectiveness of antivenom may also vary based on the source animals
(e.g., their health and quantity of venom), the quality of antivenom production,
and its manufacturing and distribution. These concerns compound an already
underappreciated medical and economic burden (Habib & Brown 2018).
Furthermore, there are too few venom labs and snakes in captivity to meet
global demand, which affects the price and availability of effective treatment.

To summarize: venom is a secretion many snakes use for feeding and defense.
Its composition varies from species to species, even if genera often have broad
similarities. Since antivenom is the only effective treatment for snake bite, and
snake bite is a widespread problem for hundreds of thousands of people, many
snakes are kept in captivity to harvest their venom for eventual injection into
donor animals and antivenom production. With this background information
in mind, I turn next to the captive animals in venom extraction facilities.

3 Care

Since there are compelling reasons to manufacture antivenom, specialized
facilities house snakes and extract venom (“venom labs”). Snakes are often
housed at one facility for venom extraction. The venom is then shipped to sep-
arate facilities for injection into donor animals and antivenom manufacturing.
I focus on the housing of the snakes and extraction of their venom.

Baseline information on the number and operations of venom labs is not
clear (Powell et al. 2006).3 Furthermore, these institutions may keep the snakes
for a variety of reasons. Some labs solely keep snakes for antivenom produc-
tion. Others have different purposes, such as research using venom to develop
cancer treatments. While I focus on the lab-to-antivenom process, my recom-
mendations apply to any institutions that house snakes for venom extraction.

Snakes have their venom extracted in various ways depending on the spe-
cies; however, regardless of species, working with venomous reptiles requires

3 Venom facilities have changed considerably over time (Winkel et al. 2006; Grego et al. 2021).
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safe handling (Lock 2008). In general, snakes are moved outside their enclosure
using either snake hooks or tongs; sometimes, they are chemically immobi-
lized or lightly anesthetized beforehand (Wiley & Harrison 2021). Once outside
the enclosure, snakes may be placed in a tube, manually held, or restrained to
limit their movement before extraction. A venom receptacle, such as a beaker
with a paraffin cover or a pipette for smaller snakes (e.g., genus Micrurus), is
used. A snake is either encouraged to bite the receptacle or has the receptacle
placed over its fangs. The snake may then bite, such as in the case of the paraf-
fin, which then allows venom to flow into the receptacle for collection. If the
snake does not do this on its own, or there is relatively minor flow, manual
manipulation of the venom glands may be used to collect additional venom.
After this, the snake is returned to its enclosure. Venom collection rates per
individual animal vary, but collecting from an animal every two to four weeks
is typical.

No agreed-upon standard exists for how reptiles, particularly venomous rep-
tiles, ought to be kept and housed in captivity. The World Health Organization
(WHO), in its 2016 guidelines for the production of snake antivenom, claims
that it is “imperative” that venom producers that use animals “adhere to the
highest ethical standards” (13). The wHO refers to the International Guiding
Principles for Biomedical Research Involving Animals (2012), which outlines
principles that ought to govern animal use in research. These include the
well-known 3Rs (Replacement, Reduction, and Refinement), that there are
moral obligations to using animals for research, and that “measures should be
taken to ensure that the animals’ environment and management are appropri-
ate for the species and contribute to the animals’ well-being” (3) along with
“health and welfare should be continuously monitored and assessed with mea-
sures to ensure that indicators of potential suffering are promptly detected and
managed” (ébid). Finally, the document claims that “there is a moral impera-
tive to prevent or minimize stress, distress, discomfort, and pain in animals,
consistent with sound scientific or veterinary medical practice” (4). There are
no direct recommendations for the housing and maintenance of snakes (e.g.,
no minimum size of enclosure requirements). Specific recommendations for
housing (32—34) suggest the inclusion of hide boxes, adequately sized enclo-
sures, access to water, and other items that are in line with “local and interna-
tional standards” (32) without making clear what they are directly referring to.

Other recommendations are also suggestive but not entirely clear. Two
recent articles (Wiley & Harrison 2016; Wiley & Harrison 2021) state strong eth-
ical obligations towards captive snakes. The animals should not be considered
a “disposable resource” (Wiley & Harrison 2021, 625), snakes should be sourced
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from captive populations so long as this does not affect antivenom potency
(625-626), and natural history should be incorporated into housing to ensure
long-lived and well-maintained animals (627-628). For example, the authors
suggest that many snake species “do well” in snake racks (628), compact enclo-
sures analogous to drawers or cabinets for housing snakes commonly used to
house and maintain captive snakes. Regardless of the enclosure, they suggest
that snakes should be kept so that wary species have places to hide, larger spe-
cies should have more space, and arboreal species can climb.

All documents stress human safety. Safely housing, handling, and restraining
venomous snakes are often venom labs’ most serious concerns (cf. Lock 2008).
Venomous snakes are significantly different from other animals because of
the potential harm to humans they pose. Seemingly minor considerations like
enclosure ventilation are complicated with venomous snakes.

I want to take a step back by first returning to the 3Rs. First, the 3Rs have fair
criticisms. These include omitting or understating salient moral dimensions,
such as the social benefits of research, or not offering practical guidance in
the contexts animals are placed in for research, such as transporting the ani-
mals (DeGrazia & Beauchamp 2019; Strech & Dirnagl 2019). Other criticisms
of the 3Rs (Eggel & Wiirbel 2021) may not have much bearing on venom labs
concerning producing antivenom. So, I want to set aside some of these criti-
cisms because, as I hope to show, existing concerns about animal welfare, like
the 3Rs, may accommodate ethical changes for venom labs. Furthermore, con-
cerns about social or scientific license, at least with antivenom production, are
met; there are good reasons that antivenom is produced and should continue
to be produced, at least for the time being.

4 Captivity

There are different views on animal captivity. Some philosophers emphasize
that the animal should have a worthwhile life, be respected, have its basic
needs met, and have no unnecessary harm (DeGrazia 2o11). Others suggest
that focusing on pleasure and pain, which is often the case in animal ethics,
overshadows other considerations like natural foraging behaviors or social
interactions that are part of the animal’s life or goals (Rollin 2012). Others fore-
ground the animal’s subjective experience rather than humans’ feelings about
confinement (Browning & Veit 2021).

There are philosophical disagreements on these points, but I suggest that
they are pointing in a similar direction: animals are living beings with sub-
jective preferences or experiences, and ensuring or improving welfare means
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that these preferences, such as normal behavior, should be largely met.#
Importantly, this means there must be some way to validly measure welfare.
If improving animal welfare is important, there should be a way to measure
or understand those animals’ welfare. This is difficult when there is limited
understanding of the species, such as with most snakes. Valid indicators might
be possible, but they depend on scientists or researchers devising an appropri-
ate indicator (Browning 2022).

In the case of snakes, there is speculative and interesting research, but it
is impoverished compared to other taxa. That said, there are good reasons to
assume that non-avian reptiles, including snakes, are sentient (Birch 2017),
which in this context means the organisms have subjective experiences with
attractive or aversive qualities (3). One may attribute sentience to snakes even
though there are long-standing biases against making these attributions; for
example, there is less investigation of reptiles concerning sentience and less
attribution of behavioral language like “play” (Schuett et al. 2016; Lambert et
al. 2019; Learmonth 2022).

There are some common welfare metrics in the literature. Fecal sampling
shows long-term stress for some snakes after enclosure cleaning or handling
(Spain et al. 2020; Augustine et al. 2022); though there are concerns with base-
line measurements and what a “normal” stress level is, these measurements
may still be a helpful tool for welfare insofar as they provide a measure for
comparison (Doody 2023). Other studies point toward preferences for larger
enclosures that allow for more movement, which likely affects other behav-
iors, such as searching or movement (Warwick et al. 2018; Spain et al. 2020;
Hoehfurtner et al. 2021). Together, these studies suggest snakes generally prefer
limited handling, minimal enclosure disruption, and larger enclosures, push-
ing against how they are often kept in labs: snakes are handled and restrained
with regularity, and their enclosures are typically small snake racks that may
only have a water dish, a hide box, and perhaps an additional feature depend-
ing on the species (i.e., an arboreal species may have silk or plastic plants to
climb on).

However, there is another salient ethical dimension for consideration. There
is burgeoning research suggesting that, at least in some snake species, there
are underappreciated social dimensions that may have a bearing on captivity
(Doody et al. 2021).

Social behaviors, such as parental care and defending neonates or eggs,
are widespread, though understudied, in Crotalinae (pit vipers, including

4 There are caveats, but one salient one for working with venomous snakes, in particular, is
human safety, which may place some limits on welfare. I discuss this more later in the paper.
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rattlesnakes) (Greene et al. 2002). For example, cottonmouths (Agkistrodon
piscivorus) change their antipredator behavior in the presence of young (Hoss
& Clark 2014). Observations of rattlesnakes show non-random associations,
with what appears to be snakes selecting which con-specifics they interact
with (Amarello et al. 2012), perhaps indicating social preferences. Timber
rattlesnakes (Crotalus horridus) have preferential aggregations during certain
conditions, suggesting cryptic sociality (Clark et al. 2012), and may utilize pub-
lic information from conspecific ambush sites in their foraging (Clark 2007).
Other social behaviors, such as the defense of females and neonates (Hewlett &
Schuett 2019), males guarding a particular location (Howey and Maisch 2017),
or rattlesnakes social buffering (Martin et al. 2023), suggest complexity and
individual relationships. Furthermore, field observations of maternal care,
such as the protection of neonates by males and females and social interac-
tions with neonates, may have welfare implications (Amarello et al. 2011).

This research plausibly raises some ethical concerns. These social behaviors
present difficulties for the captive welfare of reptiles since there are normal
behaviors (e.g., social behaviors) the animal cannot express (Doody et al. 2023;
Gillingham & Clark 2023). This is particularly salient with snakes, as standard
husbandry practices emphasize keeping animals solitary in snake racks in
venom labs. Some venom lab scientists suggest that newly born rattlesnakes
should stay with their mothers for the first two weeks (Wiley & Harrison 2016,
2021), but this is unlikely to be a common practice. For example, the wHO
(2016) recommends removing neonates from their mothers as “soon as pos-
sible” (239).

There are two main points here. First, snakes in venom labs are often kept
alone in small snake racks and minimally furnished enclosures for safety and
medical reasons. This contributes to a life of stress, as the snakes would other-
wise prefer not to be handled and would likely select alternative living quarters
if given a choice. Second, research shows that some snakes, particularly vipers,
are more social than often thought.

5 Suggestions

Venom lab snakes are a relatively unique case. The animals are kept for as
long as possible and not euthanized after an experiment or set period. Some
of these snakes live their entire lives in captivity and spend little time outside
their enclosure, whether it is a small snake rack or otherwise. A lifetime of
captivity raises unique ethical dimensions, particularly when many snakes can
live over twenty years. This unusual context informs my recommendations.
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Before I list those, let me return to the three R’s: replacement, reduction,
and refinement. Unlike in other cases involving animals in laboratory settings,
there is no adequate replacement for captive venomous snakes at the moment
(cf. Post et al. 2020). Even if there may be potential technologies, such as using
cultures of venom gland cells to create venom without an animal (Leon et al.
2018; Ukken et al. 2022), there is no currently available option to replace cap-
tive snakes in antivenom production.

Furthermore, due to an understanding of venom variation, there may even
be a general imperative to bring more wild snakes into captive arrangements
if it may improve human health; from a global ethical perspective, investing in
more snakes in captivity may be the correct ethical choice, which runs strongly
counter to reduction (Habib & Brown 2018).5 Animals may be bred in captivity
for venom production, even increasing individual snake venom yields, but it is
unknown what the long-term effects of captivity have on snake venom compo-
sition, which may change over generations, further incentivizing an increase in
snakes (Modahl et al. 2010).

A natural direction is one towards refinement.6 The welfare refinements bal-
ance several ethical considerations outlined in this paper: global health con-
cerns are tied to lab design and practices. Alongside this pressing global need,
there is a growing body of scientific literature that is suggestive, though not
definitive, of welfare considerations largely ignored in venom lab design. My
recommendations address these concerns while foregrounding global human
health (see Table 1 for a summary).

First, there should be more financial investment and support for venom lab
facilities. This means supporting the wHO’s funding goals, but it goes beyond
that. Specifically, this means that there should be more facilities, more animals
at these facilities, more trained staff and research members, and these facili-
ties should be located in regions where antivenom is needed in larger quanti-
ties. These recommendations aim to bring more antivenom into the market,
which should reduce costs, particularly for economically stratified individuals
in rural communities worldwide. Furthermore, more international investment

5 Polyvalent/polyspecific antivenoms, which are antivenoms used to medically address a range
of species in a region, require sampling across the range of a species and must include com-
mon toxins present in various species to be effective. These require increasing the number
of animals, at least in the short term. Furthermore, those kinds of antivenoms may be more
expensive. However, see Laustsen et al. (2017) and Jenkins and Lausten (2020) on the price
specifically of recombinant antivenoms, which has some bearing on this point. I am grateful
to a reviewer for raising this point.

6 This is not to say this is the only direction available. Other possibilities, such as animal libera-
tion, are not considered in-depth since that is outside the bounds of this applied project.

JOURNAL OF APPLIED ANIMAL ETHICS RESEARCH (2024) 1-22



10 10.1163/25889567-BJA10049 HALM

TABLE 1 Summary of recommendations

Enclosures Enclosures should be designed to, at minimum, be as long as
the snake in width and length and half as tall as the length of
the snake (i.e., a four-foot snake has a 4 x 4 x 2 enclosure at
minimum). Enclosures should ensure snakes have a photope-
riod that closely matches natural light. Snakes should have at
least two hide boxes to coil, a water dish, and sufficient furnish-
ing for skin sloughing. Venom lab workers should use chemical
cues for animal enrichment.

Social housing For those species where social housing improves welfare, venom
labs should provide opportunities for snakes to interact socially
with one another. This includes mothers interacting with their
young, but it might also involve having animals be able to freely
interact with one another through interlocking enclosures with
gates or partitions. This must be done in such a way as to ensure
that animals are easily accounted for to maintain safety.

Number of snakes ~ The number of snakes in captivity in venom labs should
increase. This should be specific to the needs of a particular
facility, the snakes it houses, and the antivenom produced. This
aims to increase the number of snakes to minimize the stress
on individual animals through venom extraction and assist in
antivenom production. A sufficient increase in animals would
mean that no snake should have its venom extracted more than
once every month while producing sufficient antivenom at a
reasonable cost and rate. This will vary considerably from place
to place and the demands on particular taxa.

Staff Facilities should have more knowledgeable and well-trained
staff to ensure animals are appropriately interacted with and
safety is maintained. Recommendations for more snakes and
social housing hinge on appropriate staff levels and training.

and attention ideally increases the quality of available antivenoms, which can
vary substantially regarding regional quality (WHO 2019).

Manufacturing, distribution, and accessibility of antivenom is an interna-
tional effort tied to social, economic, and political factors that must be sensi-
tive to particular, often local, contexts (Gutiérrez 2012). This also means that
future labs should be built not just in the global North. Furthermore, regional
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and local people should ideally staff and be significant partners in these facili-
ties to avoid colonial concerns.”

Since global snake bite is a disease of poverty, merely increasing the sup-
ply of antivenom is not sufficient to solve the problem. Significant changes
are necessary, whether on a country-wide scale or precipitated by local com-
munities. More robust infrastructure, stable governments, and other social
and economic changes are necessary to address the root causes. However, the
availability of antivenom is a necessary component of long-term changes to
solve this problem, even if social dimensions and factors are critical for long-
term solutions.

Second, and following this increased financial investment, the way snakes
are kept in captivity should dramatically change. Enclosures should be much
larger, allowing animals significant space to move, hide, and display normal
behaviors; this follows from ethological research and basic philosophical prin-
ciples for animal welfare. I follow recommendations from Warwick et al. (2019)
that the length and width of an enclosure be, at minimum, the same size as the
snake (e.g., a three-foot snake requires a three-foot by three-foot enclosure),
and the height should be half the size of the snake. This is increased from other
standards that emphasize the perimeter. I also suggest hiding boxes in at least
two locations where the animal may entirely coil, photo changes to emulate a
day and night cycle, and using chemical cues for enrichment to stimulate seek-
ing behavior (Krishnan et al. 2022). Considering many, if not most, snakes in
venom labs are kept in racks, these are far-reaching suggestions.

These changes must be balanced against staff safety, which requires con-
sidering ethology alongside safety. One way to accommodate these consider-
ations is to increase research on snake welfare metrics, such as those discussed
previously on snake preferences and movements in captivity. There are good
reasons to believe that snakes will utilize space provided for them and that lim-
iting space is ethically insufficient to meet their welfare needs. More research
should help refine the basic needs of snakes in venom labs and captivity
in general.

Along with this, ongoing ethological research on social behaviors in snakes
should become part of venom lab design. Some snakes seem to prefer social
behavior and seek out one another throughout the year. This seems primar-
ily associated with sexual reproduction, but not always (Martin et al. 2023).
Keeping these species in captivity means that normal behaviors, such as
interacting with conspecifics, should be allowed. Depending on the species,

7 Tam grateful to a commentator at APPE 2024 for recommending that I emphasize this point.
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mothers should be housed with their babies until after ecdysis, and animals
should have possibilities for social interactions, such as co-housing or move-
ment between enclosures.?

How this will play out requires ethological involvement with husbandry. For
example, housing animals together or allowing animals to interact with one
another for at least some time will likely increase the welfare of some spe-
cies or individuals. Venom labs already ensure their animals’ health but do
not adequately ensure that their affective states and ability to lead reasonably
natural lives are considered (Fraser 2009). This is why my recommendations
primarily focus on the natural lives (“normal behaviors”) of captive snakes; the
lab animals are free of disease but live socially impoverished lives with few
opportunities for many normal behaviors, such as searching, sociality, or hunt-
ing. This is why I recommend increasing enclosure size, more hiding places,
and possibilities for social interactions within species, particularly for vipers.

Before turning to objections, I want to make one point clear. On-the-ground
difficulties, such as securing sufficient diversity of snakes, ensuring standards
for antivenom are maintained across countries and facilities, and that facili-
ties are transparent about production is no easy feat, particularly as what
I recommend would necessitate international cooperation (Gutiérrez et al.
2007; Whitaker & Whitaker 2012; Ortiz-Prado et al. 2021). Additional funding
and attention are necessary but insufficient to solve the social, economic, and
political problems associated with adequately distributing and supplying anti-
venom. These concerns go well beyond the scope of this paper, but I am hope-
ful that increased international attention and investment in this neglected
tropical disease can improve the lives of thousands of people, even if it will
likely take longer than desired to address it fully.

6 Objections

Several objections could be raised against these suggestions. I will respond to
several potential criticisms here, but  hope my responses might be generalized
to other criticisms aimed at this applied ethical project.

First, some might suggest that these changes, particularly with social hous-
ing, may make workers’ jobs more dangerous, thus placing an undue burden

8 Snakes cannibalize non-viable offspring or ova and may, occasionally, consume healthy neo-
nates (Mocifio-Deloya et al. 2009). This is a risk of keeping young with the mothers, but the
rate of cannibalism seems low based on available evidence. Therefore, given the potential
benefits versus the harms, it seems better to prioritize ways for co-housing. I am grateful to a
reviewer raising this point.

JOURNAL OF APPLIED ANIMAL ETHICS RESEARCH (2024) 1-22



NEGLECTED TROPICAL DISEASES AND LONG-TERM CAPTIVE ANIMALS 13

and risk on these workers. It may also increase the stress of some animals,
particularly when little understanding of social behavior in these animals is
available.

My recommendations may increase safety concerns for people working in
some labs. However, safety for lab workers is a function of institutional design
and culture, with some labs never having bites (Powell et al. 2006). While some
social housing might increase safety concerns, it is more likely that better train-
ing and more employees at labs should offset these concerns, which is what
I mean by “more investment.” At the very least, it is not obvious that changing
the housing situations of some snakes under some circumstances will increase
risk. Larger enclosures and places to hide can be constructed to ensure ease of
accessibility for staff, such as using locking hide or squeeze boxes.

To the latter point, social housing may increase some animals’ stress, and
we may be ill-equipped to judge this on a case-by-case basis. However, this
speaks more to the paucity of snake welfare metrics. An increased under-
standing of their needs would make my recommendations more fine-tuned.
It could be possible that social behavior is primarily, if not exclusively, aligned
with female snakes during birth, making some existing recommendations for
keeping neonates with their mothers sufficient (Wiley & Harrison 2021). The
point is that more investigation is necessary. My suggestions to improve wel-
fare are informed by ongoing research. Because of the context of lifelong cap-
tives, venom labs are in a unique situation for responding to and implementing
these welfare improvements.

Second, some animal ethicists might object to my suggestion for more
snakes in captivity. The snakes lead lives filled with stress; there is no reason to
believe snakes that have their venom extracted enjoy that process. Therefore,
bringing more animals into these facilities is unacceptable.

There are several reasons why this objection is not decisive. First, from a
broadly consequentialist reading, there are at least some venom facilities
where the snakes lead reasonably good lives on some welfare metric, such as
longer lifespan or freedom from predation (Fraser 2009). The long-term ben-
efits for people from having these animals in captivity cannot currently be
met any other way. Therefore, refinement is a reasonable strategy to maintain
and increase antivenom access. That said, venom facilities that do not provide
larger enclosures, social housing, or more hide locations may be inappropriate
and should be changed. Furthermore, with more snakes in captivity, the bur-
den on an individual snake is reduced, improving their individual lives.

Unless one is an absolutist about not having animals in captivity, the real-
world benefits may provide sufficient justification. An absolutist about ani-
mals in captivity or research (cf. (Korsgaard 2018 for the latter) would also need
a compelling answer to how to develop antivenom or currently mitigate the
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problem of global snakebite. Regarding ethical tradeoffs, improving the lives
of captive animals seems more straightforward.

Third, it may be objected that the research I have discussed about snakes,
either some forms of social behavior or stress, is too marginal to take seri-
ously. There are no reasons to change welfare considerations for this minimal
evidence.

Available evidence is minimal compared to other species, but this owes
much to historical biases. Being open-minded is important as more evidence is
gathered. I stake no claim on where the evidence may end up falling. However,
dismissing the evidence out of hand would be unwise. Regardless of whether
social behavior remains a compelling reason on its own, there are still good
reasons to increase the number of animals in captivity and make their indi-
vidual lives better. Even if the strongest version of my thesis cannot stand, a
moderated version is sufficient for many of the welfare changes I have in mind.

Another concern is that I focus too much on a medical solution to snakebite
rather than the social dimensions. Snakebite is a disease of poverty, so one
might argue interventions to address it should be more social than medical. If
this is correct, focusing on the medical production of snake venom is wrong-
headed, a waste of resources, and worsens animal lives.

No doubt, social intervention on a large scale is necessary to address the
scourge of global snakebites. However, no as-of-yet scenario exists where anti-
venom production should be entirely stopped. Even in countries where the
problem is not widespread, such as Australia and the United States, antivenom
is still produced, which means animals are kept in captivity. So even if social
dimensions of health researchers are correct, that is still an insufficient reason
not to improve the lives of captive animals and maintain some in captivity.

7 Conclusion

This argument should resemble those made by effective altruists (Berkey 2021).
I do not endorse all aspects of the movement, but I believe it is a valuable lens to
think about the intersection of global snake bite, poverty (Gabriel & McElwee
2019), and the welfare of captive animals. Investing in venom labs will improve
the lives of hundreds of thousands of people, which in part makes it the right
choice morally. This paper supports this but adds a provision: the captive ani-
mals should have their welfare taken more seriously by these facilities.

Snake venom labs are complex ethical cases because of their location
within a global supply chain addressing a neglected tropical disease. Snakebite
negatively affects people’s lives worldwide and must be addressed through
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concerted international efforts, working with local communities, and sub-
stantial investment in medical and social changes. This is why I recommend
increasing the number of venom labs and the number of snakes at them.
However, I also believe there are better ways to address this problem while eth-
ically addressing the many concerns of keeping animals in captivity for their
entire lives. Larger enclosures, more staff, better worker support, and social
accommodations for captive animals are all components of this.

Both ethical dimensions — snakebite as a disease of poverty and practical
concerns with animal welfare — should be addressed simultaneously. More
financial investment in venom labs and incorporating more ethological
research into their design is one step in that direction. The wHO is correct in
trying to help people respond to the scourge of snake bites in the tropics. Along
with that investment, I hope to have shown that additional welfare consider-
ations for venom labs are justified and should be part of the long-term solution
until some as-of-yet-unknown medical advancement bears fruit.?

Investing in improved venom production will help stabilize communities,
improve people’s lives and the lives of future people, and benefit overlooked
captive animals. In conjunction, these provide compelling ethical reasons to
make the suggested changes and bring long-term attention to help alleviate
the burdens of neglected tropical diseases and diseases of poverty.
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