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Simple Summary: Despite increasing ethical concerns, primates are still often used in invasive re-
search (i.e., laboratory research that causes body manipulations causing them pain or distress and
not aimed at directly improving their well-being). Here, we will review previous studies showing
that primates have complex behaviour and cognition, and that they suffer long-term consequences
after being used in invasive research. We will discuss the ethical problems that invasive research on
primates posit, the legal protection that they are, to date, granted in different countries, and sum-
marize the past and current attempts to ban this kind of research on primates. We will conclude
why, in our opinion, invasive research on primates should be banned, and non-invasive methods
should be considered the only possible approach to the study of primates.

Abstract: Invasive research on primates (i.e., laboratory research that implies body manipulations
causing pain or distress that is not aimed to directly improve the individuals’” well-being) has a
long history. Although some invasive studies have allowed answering research questions that we
could not have addressed with other methods (or at least not as quickly), the use of primates in
invasive research also raises ethical concerns. In this review, we will discuss (i) recent advances in
the study of primates that show evidence of complex behaviour and cognition, (ii) welfare issues
that might arise when using primates in invasive research, (iii) the main ethical issues that have
been raised about invasive research on primates, (iv) the legal protection that primates are granted
in several countries, with a special focus on the principle of the 3Rs, and (v) previous and current
attempts to ban the use of primates in invasive research. Based on this analysis, we suggest that the
importance of a research question cannot justify the costs of invasive research on primates, and that
non-invasive methods should be considered the only possible approach in the study of primates.

Keywords: welfare; ethics; legal protection; principle of the 3Rs; invasive research ban

1. Introduction

In this study, we will use the term invasive research to refer to all research that (i) is
conducted in the lab, (ii) implies stressful and/or painful body manipulations of indi-
viduals, and (iii) is not aimed to increase their welfare. Such body manipulations can
range from inoculation with infectious agents and surgery to drug testing and blood
sampling, but exclude veterinarian applications that directly benefit the animals [1].
According to Directive 2010/63/EU of the European Parliament [2], invasive procedures
can have different degrees of severity including (i) non-recovery procedures (i.e., pro-
cedures performed under general anaesthesia, at the end of which the animal is killed
before recovering consciousness); (ii) mild procedures (i.e., providing animals
“short-term mild pain, suffering or distress”, and “no significant impairment of the
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well-being or general condition of the animals”); (iii) moderate procedures (i.e., causing
“short-term moderate pain, suffering or distress, or long-lasting mild pain, suffering or
distress” or a “moderate impairment of the well-being or general condition of the ani-
mals”), and (iv) severe procedures (i.e., causing “severe pain, suffering or distress, or
long-lasting moderate pain, suffering or distress” or a “severe impairment of the
well-being or general condition of the animals”). In our definition, we purposely exclude
instances of research conducted in zoos, research facilities using observational methods,
and research implying body manipulations of wild animals (e.g., trapping) as they posit
different ethical concerns that have been extensively addressed elsewhere [3,4]. Here, we
will therefore mainly focus on using animals in neuroscience, biomedical and transla-
tional research, and other related research areas. We further note here that, although
some researchers prefer to refer to the killing of animals at the end of invasive procedures
with the term “sacrifice”, which entails a positive connotation (see e.g., [5]), we will stick
to the term “killing” throughout the paper because this term conveys, in our opinion, a
more objective perspective and is also the term routinely used in legal and technical
documents (e.g., [2]).

Invasive research on non-human primates (hereafter, NHPs) has a long history.
Studies on their internal biology date back to Classical times, but the systematic inclusion
of NHPs in invasive research only started in the last century [6]. Since then, NHPs have
become the object of a variety of studies in disciplines such as medicine, neuroanatomy,
genetics, and physiology. Although the relevance and importance of some of these
studies has been questioned by some researchers, mostly from research areas other than
neuroscience, biomedical, and translational research [7,8], it is undeniable that invasive
research has allowed answering research questions that could not have been addressed
with other methods, or at least not as effectively [9].

The exact number of NHPs currently used worldwide in invasive research is un-
known, but estimates suggest that more than 100,000 NHPs are used every year, mostly
in the USA [10]. The Scientific Committee on Health, Environmental and Emerging Risks
reported that in 2011, 11 million animals (including approximately 6,000 NHPs) were
used in scientific procedures in the European Union [11]. In the same report, the Euro-
pean Commission estimated that 8,898 procedures were conducted on NHPs in 2014,
mostly for the development and safety testing of pharmaceuticals and medical devices,
treatment and prevention of infectious diseases, and neuroscience [11]. According to the
information reposted by the European Member States, the most frequently used species
in invasive research were crab-eating macaques (Macaca fascicularis; 80%), marmosets and
tamarins (Callitrichidae: 8%), and rhesus monkeys (Macaca mulatta; 7%) [11]. More re-
cently, the report on the statistics of the use of animals for scientific purposes in the Eu-
ropean Union estimated that 8,235 NHPs were used for the first time for scientific pur-
poses in 2017 [12]. In the United States, the annual report of animal usage informed that
70,797 NHPs were housed in research facilities used in regulated activities; 26,137 of
these animals were used in painful procedures and received pain relieving, or similar,
drugs, while 802 were subject to painful procedures but did not receive drugs because
they would adversely affect results [13].

Although NHPs only constitute a small part of all the animals currently used in
scientific procedures, it is evident that their use in invasive research is still widespread
[10,11]. Understanding whether this is ethically acceptable is therefore a compelling
moral imperative for scientists from different research areas. This is even more important
if one considers that around 48% of NHP species (including some that are commonly
used in invasive procedures, such as crab-eating macaques and several species of mar-
mosets and tamarins) are classified as Threatened by the IUCN. In the following sections,
we will discuss which moral statuses and legal protections should be granted to NHPs in
line with the most recent scientific developments. To reflect the diversity of the readers of
this Journal, we will do that by referring to the current situation of invasive research on
NHPs in several areas of the world without restricting our analysis to the European Un-
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ion case. First, we will summarize recent advances in the study of NHPs that show evi-
dence of highly complex behaviour and cognition that might question their use in inva-
sive research. Second, we will discuss welfare issues that might arise when using NHPs
in invasive research. Third, we will review the main ethical issues that have been raised
on invasive research on NHPs. Fourth, we will examine the legal protections that are, to
date, granted to NHPs in several countries, specifically focusing on the gap between
theory and practice. Fifth, we will provide a brief overview of the past and current at-
tempts to ban the use of NHPs in invasive research. In the conclusions, we will discuss
why, in our opinion, non-invasive methods should be considered the only possible cur-
rent approach to the study of NHPs.

2. Evidence of Complex Behavioural and Cognitive Life in NHPs

According to some authors, the moral status and the legal protection granted to a
species should mainly depend on its behavioural and cognitive complexity [14,15]. Alt-
hough the great majority of animals experience pain and suffering and are therefore
negatively affected by invasive procedures, the additional traits of complex behaviour,
emotion, and cognition may increase such suffering beyond ethically acceptable levels. In
line with this view, Directive 2010/63/EU of the European Parliament states that the
welfare of animals used in invasive research must be improved “by raising the minimum
standards for their protection in line with the latest scientific developments” [2] (p. 1).
Therefore, understanding the behaviour, emotion, and cognition of NHPs is an essential
endeavour to ensure them adequate legal protection by reducing the “pain, suffering,
distress and lasting harm” that they experience during invasive procedures [2]. Moreo-
ver, new scientific knowledge on behavioural, emotional, and cognitive complexity may
support a ban on invasive research on NHPs by, for instance, showing that such com-
plexity does not allow a reduction of pain and suffering below ethically acceptable levels,
with full replacement being the only viable option.

To date, NHPs are known to interact in complex ways with their physical environ-
ment. Frugivorous monkeys and great apes, for instance, use spatial memory to locate
fruit trees in the forest [16,17]. Chimpanzees (Pan troglodytes) may retain information on
larger fruit trees across seasons [18], recall past events after several years [19], and show
exceptional memory skills [20]. Similarly, several monkey species that are widely used in
invasive procedures, such as rhesus monkeys and marmosets (Callithrix jacchus), form
long-term memories of past events that include identity, spatial, and temporal compo-
nents that suggest the existence of episodic-like memory [21,22]. Several monkey and ape
species are also sophisticated tool users; macaques, for instance, can use multiple tools in
complex sequences, showing cognitive flexibility and foresight [23]. Chimpanzees are
also proficient tool manufacturers, having successfully solved meta-tool tasks that re-
quire a flexible and hierarchical organization of behaviour [24,25] and recalled the tech-
niques required to manufacture tools after several years [26]. Similarly, there is evidence
that chimpanzees can plan ahead by, for instance, producing and gathering stones that
they require for later use [27]. In monkeys, planning abilities may be not as complex,
although several species are known to plan one or two steps ahead in sequencing tasks
(e.g., thesus monkeys [28,29] and capuchin monkeys, Sapajus apella [30]) and might even
anticipate future events (e.g., squirrel monkeys, Saimiri sciureus [31]). NHPs also have a
complex understanding of the objects surrounding them and partially appreciate causal
relationships, although there are likely differences in these abilities across species [32].

NHPs also have very complex social lives. Most diurnal NHP species live in large
groups that include many females and one to several males [33] who can form long-term
social bonds with each other, which are crucial to increasing their fitness (e.g., savannah
baboon, Papio cynocephalus, and Assamese macaques, Macaca assamensis [34-38]). Several
NHPs also recognize the social relationships among other group members: monkeys, for
instance, know if others have strong social bonds and triadic awareness, understanding
the characteristics of social relationships among conspecifics [39,40]. Monkeys can also
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simultaneously classify group members according to their rank and kinship (e.g., ba-
boons, Papio hamadryas, and Japanese macaques, Macaca fuscata [41,42]), relying on mul-
tiple information sources (e.g., white-faced capuchin monkeys, Cebus capucinus [43]). In
some NHP species, individuals cooperate with each other by rearing infants together
(e.g., Callitrichidae [44]), hunting in group (chimpanzees [45]), sharing food (monkeys
and apes [46]), or forming coalitions with specific group members (several monkey and
ape species [47,48]). Moreover, monkeys and apes communicate with each other in com-
plex ways, using visual, olfactory, tactile, and auditory signals [49]. For example, some
species use specific alarm calls depending on the predator approaching (monkeys and
apes [50]), vocalize intentionally (chimpanzees [51]), and even take other group mem-
bers” knowledge into account when informing them of the presence of danger (chim-
panzees [52]). NHPs are also known to anticipate others’ behaviour and strategically
withhold information from group members. Several species, for instance, can account for
their conspecifics” position and visual perspective when competing over food (several
monkey and ape species [53-57]). Some species can also anticipate the behaviour of oth-
ers and understand that the perception/beliefs of other individuals may differ from their
own (great apes [58,59]; Japanese macaques [60]). Moreover, several NHP species (in-
cluding great apes, macaques, and capuchin monkeys) can learn from each other and can
transmit this knowledge across generations, giving rise to animal cultures (see [61,62] for
reviews).

NHPs also show complex emotional lives. As compared to other mammals, mon-
keys and apes have relatively slow life histories with long life spans and late ages at
weaning and sexual maturity [63]. Therefore, they spend a long time with their mothers,
who are crucial for building affective attachment and promote their healthy so-
cio—emotional development. For monkeys and apes, mothers affect the development of
their offspring’s exploration and play style, affiliative and aggressive patterns, and social
preferences and future parenting style as well as provide them with opportunities for
social learning and ensure their emotional welfare [64,65]. Moreover, both monkeys and
apes may show empathic concern and consolation [66]. Chimpanzees and Tonkean ma-
caques (Macaca tonkeana), for instance, show affiliative behaviour toward group members
that have been the victim of others’ aggression: they preferentially groom conspecifics
that have been attacked, especially when they are kin or closely bonded and, in doing so,
they decrease the victims’ distress and improve their well-being [67,68]. Some authors
have also claimed that NHPs engage in cognitively complex forms of prosociality, spon-
taneously helping others to reach their goals (chimpanzees [69-71]; capuchin monkeys
[72]). According to some researchers, NHPs may also show inequity aversion (capuchin
monkeys [73]), fairness-related behaviours (several monkey and ape species [74]), and
responses to injury and death that closely resemble those shown by humans (e.g., great
apes and Sichuan snub-nosed monkeys, Rhinopithecus roxellana [75-77]).

The Primate order includes more than 500 species from around 80 genera [78,79],
and it is therefore clear that there are important differences across NHP species in terms
of the complexities of their cognitive and emotional lives. However, although great apes
usually appear to have the most sophisticated abilities, experimental evidence shows that
a variety of NHP species “have rich subjective lives filled with intention and emotion”
[80] (p. 15). Therefore, these studies provide a view of NHPs as a taxon with highly
complex behavioural, cognitive, and socio-emotional lives, long-term memories and a
sense of future, diversified social relationships, sensitivity to others” emotions, empathic
concern, and the ability to adopt others” points of view [66,81,82].

3. Welfare Considerations

Some of the welfare concerns that have been raised for NHPs are the same as those
associated with the use of other vertebrates in invasive research, including housing in
poor environments that do not meet the species’ behavioural necessities, lack of control
over the aversive conditions, exposure to painful and stressful procedures, and death
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[83-85]. As for other species, NHPs used in invasive research may also experience addi-
tional sources of stress, depending on the protocols used and the severity of the invasive
procedures (see e.g., [2]) including transport, social isolation, food and water deprivation,
withdrawal from drugs, and repeated surgical procedures [86].

The use of NHPs in invasive research also raises further welfare concerns. Having
complex cognitive and emotional skills implies that NHPs may be especially sensitive to
the negative consequences of invasive procedures. This might depend on two main rea-
sons. First, NHPs have long-term memories of past events, and some species are also
known to plan ahead [19,27]. This implies that they can recall previous stressful experi-
ences for many years, and perhaps imagine their future, amplifying the stress and/or
pain they experience. Second, NHPs have very complex social lives. This implies that
they have specific needs and requirements that make it very challenging to provide them
with decent welfare conditions in a laboratory setting. For example, they typically have
long life spans and can thus spend years as experimental subjects [80]; they have complex
social relationships that are extremely difficult to reproduce in a laboratory [87]; and they
need appropriate environments that promote complex species-typical behaviours and
provide sufficient cognitive stimulation [88-90].

Unfortunately, living conditions in experimental settings hardly satisfy NHPs" most
basic needs. Monkeys up to 15 kg, for instance, can be legally housed in cages as small as
0.5 m? in the USA, 0.63 m? in China, and 3.6 m? in Europe, with metal grid floor being
allowed outside Europe [91]. In most countries, NHPs used in invasive procedures are
given some form of enrichment activity, such as “objects to manipulate, a variety of
foods, [...] behavioural training or time in exercise rooms”, and, in some cases, “access to
music, television to watch, or touch-screen computers” ([91], p. 4). Although some re-
searchers contend that these forms of enrichment increase NHPs’ welfare (e.g., [91]), such
artificial activities provide no ecologically valid experience and no sufficient stimulation
from a primatological perspective. Moreover, although “all NHPs are housed with visual
and auditory contact with conspecifics” ([91], p. 4), and thus not necessarily in groups,
this is certainly not enough to satisfy their complex social needs. Furthermore, depending
on the experimental procedures and on the legal requirements of the countries in which
NHPs are housed (see below), NHPs may also experience suffering from early maternal
separation [92-95]. In Europe, for instance, macaques are usually weaned around 8
months [91], a developmental stage in which infants are still largely dependent on their
mothers under natural conditions [96], whereas transgenic monkeys are usually sepa-
rated from their mothers from birth (see [91]) with a strong negative impact on their be-
haviour and physiology [97].

Several studies have shown how study subjects that do not undergo death during
invasive experiments do suffer long-term psychological effects as a consequence of their
traumatic experiences in laboratories [98]. These studies have been mostly conducted on
NHPs that have been moved to sanctuaries after spending several years as laboratory
subjects and are therefore mostly limited to research on chimpanzees [99]. Traumatic
experiences due to invasive research, for instance, are linked to the occurrence of ab-
normal behaviours similar to posttraumatic stress disorder and depression [100,101].
Traumatized chimpanzees are 19 times more likely to be diagnosed with depression and
88 times more likely to show posttraumatic stress disorder than their wild conspecifics
[100]. These problems persist for years, even after animals have been released from la-
boratories and moved to sanctuaries [98,100]. Although environmental enrichment may
reduce the occurrence of some of these negative consequences (e.g., stereotypies and so-
cial impairment), it appears to have no effect on more severe forms (e.g., self-harm) [102].
Therefore, invasive research may clearly have a strong impact on NHP welfare, produc-
ing negative long-term effects on their physical and physiological well-being.
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4. Ethical Issues Linked to the Use of NHPs in Invasive Research

The use of NHPs in invasive research is mostly considered necessary to increase our
knowledge and improve our health and quality of life [103-110]. By allowing discoveries
that are important for humans (e.g., reducing pain or increasing their life expectancy and
well-being), invasive research provides humans with benefits that would overcome the
costs inflicted to animals in terms of pain, suffering, or death, thus justifying their use
(see [14,111] for a discussion).

From an ethical perspective, the main issue is whether we have the right to inflict
pain and death to NHPs if this provides humans with important benefits. Even if NHPs
were perfect models to study humans, as most researchers contend [103-110], is causing
stress, pain, and/or death to NHPs ethically justified under the premise that human ben-
efits outweigh NHP suffering [112]? For some authors, such a utilitarian approach posits
several problems. Its main limit is that it implies an assessment of all the costs and bene-
fits linked to invasive research [113]. First, it is often hard to reliably predict the benefits
that a research project really provides, and, indeed, the majority of invasive studies on
animals fail to translate to humans [94,111,114]. Second, it is extremely difficult to objec-
tively compare the costs and benefits that involve different species [115-119]. As noted by
Arnason [115], benefits to humans often appear to compensate the costs to NHPs only if
NHP interests are highly disregarded. Third, quantifying the costs of invasive research to
NHPs is no easy endeavour. In theory, all procedures reducing the welfare of NHPs im-
ply some costs, from distress and the impossibility to express the species—specific be-
havioural repertoire to malnutrition, discomfort, pain, injury, isolation, diseases, and
negative valence emotions (e.g., fear, anxiety, and anger), depending on the exact pro-
cedures used and their severity (see [120]; see previous sections). These sources of stress
can have a strong negative impact on NHP health and welfare, as discussed above
[94,121].

Even if the costs and benefits of invasive research could be objectively measured, the
utilitarian approach may have intrinsic limits because it assumes the potential ethical
validity of invasive research as long as the benefits to humans outweigh the costs to NHP
(see [94]). Such an approach is not used in human research and has been rightly strongly
condemned, both ethically and legally, when having been used in specific historical
contexts [122]. Killing or harming human participants (without their consent and
providing them with no direct benefits) is ethically and legally unacceptable, no matter
how important the benefits for the rest of humanity might be. In other words, human
research is based on the principle of deontology, which implies that all humans have an
inherent value and are thus considered more than just a means to an end. According to
some researchers, there is no reason why the principle of deontology should not be ap-
plied also to other species, as any living organism has an inherent value and deserves
ethical consideration [123]. Given that species other than humans have a complex per-
ceptual, emotional, and cognitive life (see above), they should also be granted the right
not to be harmed or killed for the benefit of others [94]. This approach implies reconsid-
ering the moral statuses of other species in research, i.e., the extent to which NHPs matter
for their own sake (see below). Moreover, according to some researchers, additional
principles of human research ethics should be applied to NHPs [115], including Beau-
champ and Childress’s [124] four principles on autonomy, non-maleficence, beneficence
and justice [94], the principles of consent and autonomy [125-127], and dissent by the
study subjects [128]. For instance, it has been proposed that NHPs should be granted the
same legal protection as human subjects who cannot provide informed consent through
the assignment of legal guardians and higher safeguards [127].
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5. Legal Protection Granted to NHPs around the World

Despite recent advances in animal research ethics, the protection that is legally
granted to NHPs in research is still largely based on utilitarian principles (i.e., the use of
NHPs is allowed if the expected benefits to humans overcome the harm caused to the
study subjects). In particular, most national legislations regulating invasive research are
currently based on the principle of the 3Rs, which was first formulated by Russell and
Burch in 1959 [129]. The principle of the 3Rs pursues (i) the replacement of animals in
invasive research through alternative methods requiring no living animals, (ii) the re-
duction in the number of study subjects involved in research projects, and (iii) the re-
finement of all the experimental procedures in order to increase animal welfare and re-
duce their suffering [129]. Historically, the principle of the 3Rs has played a crucial role in
drawing attention to the problems of using animals in research and in suggesting possi-
ble ways to address them and still underpins the legislation on the protection of research
animals in several countries. Below, we discuss four examples (i.e., Europe, USA, Japan,
and China) in which the principle of the 3Rs has been differently implemented depend-
ing on the pre-existing legal and cultural background. Indeed, there are, to date, no
common international regulations for invasive research on NHPs as they exist for re-
search on humans (see [91] for a discussion).

In Europe, the use of NHPs in research is regulated by Directive 2010/63/EU of the
European Parliament, which aims to eliminate major disparities in the use of research
animals across European countries and ensure a minimum level of protection for study
subjects [2]. The Directive in particular rules the replacement and reduction of animals
and the refinement of their conditions whenever they are used in “procedures”, i.e., in-
vasive or non-invasive practices for experimental, scientific, or educational purposes that
may cause them suffering, pain, distress, or long-term harm [2]. According to Article 4 of
the Directive, alternative methods (e.g., cell lines, modelling, or simulations) should be
used whenever possible instead of live animals [2]. If there is no alternative method
available, researchers should ensure the highest standards of animal welfare and care
and reduce the number of animals to a minimum (without compromising the objectives
of the project). During procedures, one should reduce pain, suffering, distress, or
long-term harm as much as possible, carefully handling the animals, providing
high-quality species-specific housing, husbandry, and enrichment activities as well as
anaesthesia and pain relief as needed. According to the Directive, the use of NHPs in
procedures raises further ethical concerns as it is especially worrying for the general
public and requires special care to comply with the behavioural and social needs that
NHPs face in captive settings [2]. Hence, procedures on NHPs can be carried out only if
there are no alternative methods to reach the same objectives, they are for basic research
projects aimed to preserve the species, or if it might have potentially high benefits for
humans (e.g., the avoidance, prevention, or treatment of diseases or abnormalities and
the development, manufacture, or testing of the effectiveness and safety of drugs, food,
and other substances or products) [2].

Necessarily, EU Directive 2010/63/EU is a compromise among different interests. On
the one hand, for instance, it states that animals have an intrinsic value which must be
respected and that they should always be treated as sentient creatures; it states that pro-
cedures causing long-term “severe pain, suffering or distress” should not be allowed;
and it identifies the full replacement of research animals as its final goal [2]. On the other
hand, the EU Directive considers the use of live animals in invasive research to still be
necessary [2] and allows NHPs to be routinely harmed and killed during procedures
when the results of the project might provide enough benefits to humans and no other
alternatives are available. More than ten years after its promulgation, indeed, almost 10
million animals are still used every year in scientific procedures in Europe with around
30,000 belonging to “species of particular public concern”, i.e., dogs, cats, and NHPs [12].

In the USA, there is a long history of invasive research with little attention to the
welfare of animals [130]. This situation started to change in 1985 when several amend-
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ments to the Animal Welfare Act (1966) [131], which is the only federal USA law regu-
lating the use of research animals, required the United States Department of Agriculture
(USDA) to implement measures ensuring the psychological well-being of NHPs in re-
search [130]. With these amendments, for the first time, research protocols on NHPs must
be reviewed by special committees that also include non-scientist members, and re-
searchers must formally check for the possibility of replacing NHPs, reducing the num-
ber of animals used, and refining their living conditions by, for instance, ensuring a cap-
tive environment that promotes their psychological well-being [131]. However, these
amendments still leave research facilities with a high degree of freedom, as they can, for
example, develop their own plans to ensure the welfare of study animals. If a research
facility receives funding from the Public Health Service (PHS), however, it also must
comply with the PHS policy on human care and use of laboratory animals. This policy
implies the institution of special committees to review research proposals on animals and
to inspect animal facilities as well as requires researchers to comply with the Guide for
the Care and Use of Laboratory Animals [132]. According to the Guide, researchers must
minimize the distress and pain inflicted to research animals, sedate or anesthetize ani-
mals if the procedures cause relevant pain or distress, and provide living conditions that
are appropriate for the species and that guarantee health and well-being to the animals
[132]. However, the Guide also introduces several exceptions when these exceptions are
justified for scientific purposes (e.g., sedation or anaesthesia may be not used during
painful or distressful procedures if necessary for reaching the project’s goals) [132]. In
May 2019, a spending bill by a committee in the House of Representatives raised serious
concerns about animal welfare in research laboratories in the USA and questioned (i) the
possibility to really ensure animal well-being and (ii) the validity of animals as models in
biomedical research [133]. The bill also urged the National Institutes of Health (NIH) to
take concrete steps to reduce and replace NHPs used in invasive research and to regu-
larly report on the progress to Congress [133,134]. In contrast to other NHPs, chimpan-
zees are offered stronger legal protection in the USA. A study commissioned by the NIH
considered the use of chimpanzees for biomedical research inappropriate, especially in
consideration of the ethical issues raised by their phylogenetic closeness to humans [135];
so, since 2015, the NIH has completely banned invasive research on chimpanzees [136].

Except for the Animal Welfare Act (1966), which sets relatively low standards of
protection for research animals [131], all the restrictions to invasive research in the USA
only apply to projects funded by the PHS. Moreover, even when researchers must com-
ply with the Guide for the Care and Use of Laboratory Animals [132], several exceptions
are granted depending on the aims of the study. For instance, if researchers aim to spe-
cifically test for the effects of social deprivation on NHPs, the obligation of ensuring the
social well-being of the study subjects does not have to be fulfilled [130]. In our opinion, if
laws seriously ensured welfare standards for NHPs in invasive research, studies on social
deprivation should simply not be allowed because they do not comply with these
standards. This introduces a certain degree of freedom in the application of the rules that
should ensure the welfare of research animals. Indeed, even if the Guide suggests that
NHPs should be housed in social groups [132], in 2007, only 38% of the monkeys in in-
door labs shared their cage with at least one other individual [130,137]. Moreover, re-
searchers have often noted how abnormal behaviour that signals severe stress in NHPs
(e.g., self-harm behaviour) has not decreased since the introduction of the Animal Wel-
fare Act [138], suggesting that the measures taken so far are far from sufficient to really
ensure the “psychological well-being” of NHPs. Despite these problems, in 2000, the NIH
still recommended an increase in the number of NHPs used in invasive research as they
would be “crucial” for biomedical and behavioural research and, indeed, according to the
USDA, the number of NHPs used for research reached 75,825 in 2017, an increase of 22%
as compared to in 2015 [133].

In Japan, the use of animals in research is regulated by the Law for the Humane
Treatment and Management of Animals (Law No. 105, 1973; see [139]). According to this
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law, researchers should avoid purposelessly killing or inflicting harm and injuries to
animals, and they should treat them “properly” [139]. Following an amendment in 2005,
the Law further requires researchers to implement the principle of the 3Rs, reducing and
replacing research animals when possible and refining their living conditions [139]. For
research animals, the Law further refers to the Standards Relating to the Care and Man-
agement of Experimental Animals [140]. The Standards consider the use of animals in
invasive research necessary but also foster the implementation of the 3Rs [139,141]. In
2006, the Science Council of Japan (2006) published the Guidelines for Proper Conduct of
Animals Experiments, which provides some very general advices on the aspects that re-
searchers should consider when conducting research on animals [142]. The Guidelines,
for instance, attribute the responsibility of properly conducting animal experiments to
the directors of the research institutions and suggest that researchers should take into
account animal welfare and reduce the pain and distress caused to the study subjects as
allowed by their research aims [142].

Crucially, all these restrictions are not legally binding, but they are “promoted ap-
propriately with the understanding of the people” ([142], p. 1). Research institutions, for
instance, should voluntarily establish internal regulations on animal research that reflect
the general principles expressed in the Law, the Standards, and the Guidelines, but there
is no obligation to doing that, and there is extensive freedom in how these standards are
effectively implemented in different laboratories. Similarly, there is no obligation to re-
port the number of NHPs used for research purposes [143]. Therefore, animal research in
Japan appears to generally prioritize the researchers’ right to academic freedom over the
animals’ rights to health and well-being. For some authors, Japanese legislation on inva-
sive research is surprisingly permissive and, although this may depend on the religious
and cultural peculiarities of the country [141,142], it is also true that part of Japanese so-
ciety actually demands more stringent rules and transparency in the use of research
animals by, for instance, claiming access to experimental protocols on NHPs and other
animals (see [143]).

In China, the Ministry of Science and Technology (MOST) is responsible for regu-
lating the use of NHPs and other animals in invasive research, in line with the Statute on
the Administration of Laboratory Animal Use approved by the State Council in 1988
[144,145]. In 2006, the MOST also issued the Guideline on the Humane Treatment of La-
boratory Animals [146], which requires animal research facilities to orient their practices
to the principles of the 3Rs and animal welfare and to institute specific committees to re-
view and control the ethics of research projects requiring the use of animals [144,145].
The Guideline, for instance, requires researchers to inflict as little pain as possible during
their experiments and to consider the species’” welfare when housing animals [146].
However, the Guideline only provides very general recommendations and, being mere
regulations of the MOST (and not laws), failure to respect them implies lower sanctions
as compared to what happens in other countries [147] (see [144]). Through time, these
Statutes and Guidelines have been implemented and complemented through a variety of
regional, provincial, and municipal laws, guidelines, and policies [144,145], leading to a
complex interplay of different layers that leave a certain flexibility to animal research fa-
cilities [147,148]. The Provincial Department of Science and Technology, for instance, is
responsible for the use of research animals at the provincial level, but local Administra-
tion Offices of Laboratory Animal Use enforce the regulations and provide licenses to
both the researchers and research institutions that breed or use animals for research [145].

The Chinese case is especially relevant for the international implications it has. Bi-
omedical research is crucial for the Chinese economy and it is continuously expanding
[145,149,150]. In 2011, China had around 40 authorized NHP breeding centres employed
more than 100,000 people in animal research labs, used around 25,000 NHPs, and ex-
ported 25,000 more to other institutions in Europe and the USA (see [145]). Given that
Western countries usually have a much stricter legislative system on invasive research
and higher standards for animal welfare, several researchers and companies in Western
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countries have outsourced animal testing in China, or they have moved (or threatened to
move) to China to conduct their studies [147,151]. In this way, researchers face lower le-
gal standards and can conduct studies they would not be allowed to run in Europe or the
USA [149,152]. Recently, for instance, the neuroscientist Nikos Logothetis left his position
as a director of the Max Planck Institute for Biological Cybernetics in Germany (where he
conducted invasive research on NHPs to mainly study the neural mechanisms of per-
ception) to co-direct a new International Center for Primate Brain Research in Shanghai,
which will house around 6,000 NHPs, including transgenic monkeys [150]. In 2014, vid-
eos of lame and bleeding monkeys secretly recorded in his lab led to an official investi-
gation; although Logotethis and his colleagues were relieved from all accusations and
charges at the end, public pressure and growing skepticism on invasive research led the
neuroscientist and his colleagues to move their research groups to China [150]. Similarly,
after the 2019 USA spending bill raised concerns about animal welfare in research labor-
atories (see above), the president of the National Association for Biomedical Research,
Matthew Bailey, expressed his concern about the interference of Congress and stated
that, in this way, “research will be more likely to move to other countries” [134].

These cases have fuelled the debate on the consequences of increasing the protection
of research animals. For some people, increasing the legal protection of NHPs and other
animals might lead scientists to simply leave for countries with lower standards of ani-
mal welfare [11,153,154]. This reasoning echoes economic discussions on the need to
lower the protection of workers in Western countries to make them more competitive on
the global market and avoid the delocalization of industries and other economic activi-
ties. However, a race to the bottom is no answer to the risks implicit in having different
welfare standards across the world. Increasing the protection of NHPs is an ethical
question that goes beyond merely practical considerations, and that concerns the scien-
tific community and the general public alike (see [153]). Moving (or menacing to move) to
another country to conduct invasive research and thus circumvent national legislation
has ethical implications that cannot be ignored [147] and that should lead to practical
consequences (see below).

6. Brief Overview of Attempts to Stop Invasive Research on NHPs

To date, pressure to increase the legal protection of NHPs and to drastically reduce
or ban their use in invasive research mainly comes from three different sources: (i) cam-
paigns or petitions by animal organizations with support from public opinion; (ii) par-
liamentary questions and spending bills by political groups within national institutions;
and (iii) scientific publications by authors who are often experts in ethics, philosophy, or
alternative methods.

Campaigns by animal organizations are mainly aimed to inform the public about the
state of the art of NHP research and raise concern about the current practices. Following a
long-running campaign by Cruelty Free International, for instance, most airlines have
stopped transporting NHPs for use in invasive research [155]. Moreover, animal organi-
zations often rely on groups of lawyers that can initiate legal actions to protect specific
animals. The Animal Legal Defense Fund, for instance, recently filed two lawsuits against
the USDA for its failure to protect the psychological well-being of primates used in bio-
medical research (New England Anti-Vivisection Society vs. Goldentyer [156]) and for
inconsistent inspections of NHP research facilities (Animal Legal Defense Fund and Rise
for Animals vs. USDA [157]). Similarly, in 2015 the “Stop Vivisection” movement, with a
document signed by 1.17 million citizens, demanded that the European Commission
abrogate Directive 2010/63/EU on the protection of animals used in invasive research and
ban their use in Europe. The European Commission reiterated that, “for the time being,
animal experimentation remains important for protecting human and animal health, and
for maintaining an intact environment”, but it also stated that Europe is “working to-
wards the ultimate goal of full replacement of animals” ([158], p. 10). Although these
campaigns often fail to reach the ultimate goal of banning invasive research, they engage
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public opinion and maintain high pressure on institutions to raise welfare standards for
research animals.

Parliamentary questions and spending bills by political groups within national in-
stitutions have a similar function. Often, they are proposed by institutional minorities
and have little chance to really achieve their goals. The spending bill approved by a
committee in the USA House of Representatives in 2019, for instance, strongly urged re-
search institutions in the USA to more effectively reduce and replace NHPs in invasive
research and to report on their progress to Congress. However, the final version of the
bill negotiated by the Senate and the House of Representatives was much duller, recog-
nizing the importance of NHPs in invasive research and moderating the requests ad-
vanced [134]. Still, these initiatives contributed to raising awareness in the public and
making researchers feel that they are accountable for their practices. In 2019, the Envi-
ronmental Protection Agency of the USA announced the goal of a reduction of invasive
studies on mammals by 30% by 2025 and its complete ban by 2035 [134]. Similarly, the
National Institutes of Health (NIH) in the USA has organized two workshops on NHP
research in the last four years, including one on the science and ethics of biomedical re-
search [134]. Although 2035 is a far-off date, and invasive studies will still be allowed
pending administrators” approval despite the lack of real advances following the NIH
workshops (see [134]), these events force researchers to at least justify their use of NHPs
and explore alternatives.

Although most researchers consider invasive research as still being necessary
[103-110], there are several scientific groups and research centres specifically working on
alternatives to animal testing. These include the Center for Alternatives to Animal Test-
ing at the Johns Hopkins University in the USA and the University of Konstanz in Ger-
many, which support the creation, validation, and use of alternative approaches to ani-
mal research, education, and product-safety testing and publish the peer-reviewed
journal ALTEX, which is focused on alternatives to animal experiments. Other research
centres include the European Union Reference Laboratory for alternatives to animal
testing in Ispra, Italy, which coordinates and implements validation studies of alternative
methods, and the non-profit organization Americans for Medical Advancement, which
opposes the view that animals are valid models on which to conduct research and fosters
the use of alternative scientific procedures. Moreover, there is also a long tradition of
studies authored by experts in ethics or philosophy clearly positioned against the use of
NHPs in invasive research [94,115,159,160]. These studies often call for the need to
overcome the principle of the 3Rs and recognize a higher moral status for NHPs. Some
researchers, for instance, demand that NHPs be granted fundamental rights, such as the
right to life and bodily and mental integrity, and that these rights be defended before a
court through legal representatives [159].

The positions of primatologists, anthropologists, comparative psychologists, and
other experts on NHP behaviour and cognition (hereafter referred to as “NHP experts”)
with regards to the use of NHPs in invasive research is often not clear. In some cases,
NHP experts have been consulted during the preparation of reports or opinions on the
use of NHPs in invasive research, but their role has usually been very marginal [130,131].
The Weatherall’s report from 2006 [8] and the review by Bateson and colleagues from
2011 [7], for instance, are some of the most famous reports on the use of NHPs, but there
are virtually no NHP experts among their authors. The Weatherall’s report was written
by a working group consisting of experts “drawn from outside the active non-human
primate research community”, in the own authors” words ([8], p. 15). In the Bateson re-
view, eight out of the nine panel members were neuroscientists, physicists, or professors
in medical areas with no experience in NHP behaviour, and the chairman of the panel
was Patrick Bateson, an eminent behavioural biologist with vast knowledge in several
research areas but little experience with important ethological, behavioural, and cogni-
tive aspects of NHPs [7] (also see [161]).
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To our knowledge, there is also no international working group led by NHP experts
aimed at banning the use of NHPs in invasive research. The only notable exception is
perhaps the Great Ape Project, an international movement of ethicists, anthropologists,
and primatologists who call for the extension to great apes of fundamental human rights
(i.e., right to life, freedom, and non-torture [162]). Despite its limit to focus only on great
apes, which can be largely justified by the limited knowledge we had on other NHPs at
the time the movement started, the Great Ape Project crucially moves beyond the prin-
ciple of the 3Rs, fostering the recognition of a higher moral status for great apes. Other
projects have had a similar focus on chimpanzees and have resulted in a series of positive
changes in terms of legal protection granted to this species, at least in some countries. In
Japan, for instance, two organizations, SAGA and GAIN, have obtained the complete ban
of invasive procedures on chimpanzees, thanks to the extensive support of the public and
the active involvement of primatologists [163]. These organizations foster the
post-mortem use of chimpanzees and the use of other non-invasive procedures, and they
are currently keeping a database of all the apes in Japan that are used in invasive pro-
cedures in order to gradually extend them the protection now granted to chimpanzees
[163]. Moreover, these organizations have helped establish a sanctuary for laboratory
chimpanzees dismissed from biomedical research, in which chimpanzees are provided
with life-long care in social groups and more natural settings [164-166]. Similarly,
chimpanzees in the USA are better protected than other NHP species; although there is
no federal law prohibiting the ownership of chimpanzees, their use in invasive proce-
dures has been completely banned since 2015, and they are individually registered in a
database to better monitor their welfare [136,167,168].

7. Conclusions and Future Perspectives—Beyond the 3Rs

To date, abundant experimental evidence has shown the complexity of the social,
emotional, and cognitive lives of monkeys and apes and the long-term effects that inva-
sive research can have on their physical and physiological well-being [169-171]. These
scientific advances clearly show that invasive research implies huge costs for NHPs, and
therefore raise crucial ethical issues on the use of NHPs in invasive research. Still, the
legal protection of NHPs is generally inspired by the principle of the 3Rs, although there
is a lot of variation across countries in the practical implementation of this principle.
Currently, the pressure to improve NHP legal protection is mainly exerted by animal
organizations supported by public opinion, political groups within national institutions,
or researchers working on ethics, philosophy, or alternative methods. These often call for
a switch from a utilitarian approach (and the principle of the 3Rs) to a deontological ap-
proach that questions the general validity of NHP research from an ethical perspective
[14,84].

Despite claims by several institutions around the world on the long-term goal of
replacing NHPs in invasive research (e.g., [2]), the situation for NHPs has not changed
much. Actually, NHPs are still abundantly used worldwide in invasive research, and the
refinement measures that are generally used cannot ensure, in our opinion, the welfare of
animals with such complex socio-emotional and cognitive lives. Therefore, despite the
benefits that invasive research on NHPs may have for humans (including their use as
models to test preventive and therapeutic strategies during pandemics), we argue that
their use in invasive procedures should be immediately banned. The European Union
establishes the full replacement of research animals as its final goal [2], but it also identi-
fies the reasons why the fulfilment of this goal might still require time, including “the risk
aversive nature of society” (which would be resistant to new alternative methods), the
lack of funds to develop and validate alternative research methods, and “factors related
to scientific practice and career progression where dynamics such as competition, the
reputation and track record of researchers [...] and entrenchment discourage switching
from NHPs to alternative [...] models” ([11], p. 21). These issues, however, can be easily
addressed. As scientists, we can drive the change by ensuring that resources are prefer-
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entially devoted to projects using alternative methods, asking researchers to publish
more precise details when invasive procedures are used, urging journal editors to ask the
opinions of primatologists concerning welfare aspects during the review process, and/or
otherwise encouraging researchers to conduct non-invasive studies. By massively di-
verting research funds to non-invasive research, for instance, it would be possible to
foster new research approaches that might emerge to be as beneficial for humans as is
invasive research. As NHP experts, we can use experimental evidence to contribute
concerted legal opinions and reports worldwide and develop a concrete institutional
plan with clear timelines to successfully ban invasive research on NHPs.

Overall, we are convinced that ethical and scientific reasons call for the immediate
ban of NHPs in invasive research. Such an approach calls for an overcoming of the prin-
ciple of the 3Rs; after more than six decades from its original formulation, we think it is
time to move forward and re-discuss our current goals based on the competencies and
knowledge we have acquired after all these years. Reducing the number of NHPs and
refining their living conditions are measures that cannot adequately guarantee their
welfare and should thus be considered ethically inappropriate. NHPs need to be granted
life and health in the first place, and these rights cannot be waived for research purposes
no matter how beneficial it might be for humans. This is even more important when
considering that most NHP species are currently threatened with extinction [172]. We are
responsible for preserving biodiversity and protecting natural habitats, whereas they
play a key role as ecosystem engineers [173]. Based on the advances in the study of NHP
behaviour and cognition, and on ethical considerations, we believe that the time has
come to definitively stop non-invasive research on NHPs, and that non-invasive behav-
ioural and experimental methods should be considered the only possible approach to the
study of NHPs.

Author Contributions: M.P., M.L., and F.A. read literature, conceptualized, and wrote the paper.
All authors have read and agreed to the published version of the manuscript.

Funding: Generalitat de Catalunya (2017 SGR-1040 to ML), and the Universitat Rovira i Virgili
(2019PFR-URV91 to ML). ML is a Serra Hunter Fellow.

Institutional Review Board Statement: Not applicable (review).
Data Availability Statement: Not applicable (review).

Acknowledgments: We are very grateful to Filippo Aureli for his extensive and generous feedback
on previous versions of this MS, to Tetsuro Matsuzawa for his brilliant research and outstanding
ethical engagement, and to one other anonymous reviewer for his/her valuable comments. We
would like to thank the guest editors of this Special Issue for their extensive support throughout
the revision process, and the academic and assistant editors.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Conlee, K.M.; Hoffeld, E.H.; Stephens, M.L. A demographic analysis of primate research in the United States. Altern. Lab. Anim.
2004, 32, 315-322.

2. European Union. Directive 2010/63/EU of the European Parliament and of the Council of 22 September 2010 on the Protection of Animals
Used  for Scientific ~ Purposes; European Union: Brussels, Belgium, 2010. Available online:
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32010L0063 (accessed on 10 March 2021).

3. Fedigan, L.M. Ethical issues faced by field primatologists: Asking the relevant questions. Am. |. Primatol. 2010, 72, 754-771.

4. Malone, N.M.; Fuentes, A.; White, F.]. Subjects of knowledge and control in field primatology. Am. J. Primatol. 2010, 72,
779-784.

5. Lynch, M.E. Sacrifice and the transformation of the animal body into a scientific object: Laboratory culture and ritual practice
in the neurosciences. Soc. Stud. Sci. 1988, 18, 265-289.

6.  Honess, P. A brief history of primate research: Global health improvements and ethical challenges. Arch. Med. Biomed. Res. 2015,

2,151-157.



Animals 2021, 11, 2999 14 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

Bateson, P.; Johansen-Berg, H.; Jones, D.K.; Keverne, E.B.; Matthews, P.M.; Milner, A.D.; Prescott, M.; Raga, I.; Shattock, R.;
Strauss, J., IIL; et al. Review of Research Using Non-Human Primates; Biotechnology and Biological Sciences Research Council,
Medical Research Council and Wellcome Trust: 2011. Available from:
https://mrc.ukri.org/documents/pdf/bateson-review-of-non-human-primates/ (accessed October 18, 2021).

Weatherall, D. The Use of Nonhuman Primates in Research; Academy of Medical Sciences: 2006. Available from:
https://mrc.ukri.org/documents/pdf/the-use-of-non-human-primates-in-research/ (accessed October 18, 2021

Botting, ].H.; Morrison, A.R. Animal research is vital to medicine. Sci. Am. 1997, 276, 83-85.

SCHER. The Need for Non-Human Primates in Biomedical Research, Production and Testing of Products and Devices. Brus-
sels, 2009. Available online: http://ec.europa.eu/health/ph_risk/committees/04_scher/docs/scher_o_110.pdf (accessed on 10
March 2021).

Vermeire, T.; Epstein, M.; Hoet, P.; Krétke, R.; Testai, E.; Badin, R.A.; Flecknell, P.; Hudson-Shore, M.; Jones, D.; Langermans,
J.A.; et al. Final Opinion on the Need for Non-Human Primates in Biomedical Research, Production and Testing of Products and Devices,
Update 2017; Scientific Committee on Health, Environmental and Emerging Risks (SCHEER), European Commission: Brussel,
Belgium, 2017. Available online:
https://ec.europa.eu/health/sites/health/files/scientific_committees/scheer/docs/scheer_o_004.pdf (accessed on 10 March 2021).
European Commission. 2019 Report on the Statistics on the Use of Animals for Scientific Purposes in the Member States of the European
Union in 2015-2017; European Commission: Brussels, Belgium, 2020. Available online:
https://op.europa.eu/en/publication-detail/-/publication/04a890d4-47ff-11ea-b81b-01aa75ed71al (accessed on 10 March 2021).
USDA. Annual Report Animal Usage by Fiscal Year; U.S. Department of Agriculture, Animal and Plant Health Inspection Service:
Washington, DC, USA, 2018.

Fenton, A. On the need to redress an inadequacy in animal welfare science: Toward an internally coherent framework. Biol.
Philos. 2012, 27, 73-93.

Jaworska, A.; Tannenbaum, J. The grounds of moral status. In The Stanford Encyclopedia of Philosophy; Zalta, E.N., Ed.; Depart-
ment of Philosophy, Stanford University: Stanford, CA, USA, 2017. Available online:
https://plato.stanford.edu/entries/grounds-moral-status/ (accessed on 10 March 2021).

Janson, C.H.; Byrne, RW. What wild primates know about resources—Opening up the black box. Anim. Cogn. 2007, 10,
357-367.

Zuberbiihler, K.; Janmaat, K.R.L. Foraging cognition in non-human primates. In Primate Neuroethology; Platt, L.M., Ghazanfar,
A.A,, Eds.; Oxford University Press: Oxford, UK, 2010; pp. 64-83.

Janmaat, K.R.L.; Ban, S.D.; Boesch, C. Chimpanzees use long-term spatial memory to monitor large fruit trees and remember
feeding experiences across seasons. Anim. Behav. 2013, 86, 1183-1205.

Lewis, A.; Berntsen, D.; Call, J. Long-term memory of past events in great apes. Curr. Dir. Psychol. Sci. 2019, 28, 117-123.

Inoue, S.; Matsuzawa, T. Working memory of numerals in chimpanzees. Curr Biol. 2007, 17, 1004-1005.

Hoffman, M.L.; Beran, M.].; Washburn, D.A. Memory for “what”, “where”, and “when” information in rhesus monkeys
(Macaca mulatta). J. Exp. Psychol. 2009, 35, 143-152.

De Castro, V.; Girard, P. Location and temporal memory of objects declines in aged marmosets (Callithrix jacchus). Sci. Rep.
2021, 11, 9138.

Hihara, S.; Obayashi, S.; Tanaka, M.; Iriki, A. Rapid learning of sequential tool use by macaque monkeys. Physiol. Behav. 2003,
78, 427-434.

Boesch, C.; Boesch-Achermann, H. The Chimpanzees of the Tai Forest: Behavioural Ecology and Evolution; Oxford University Press:
Oxford, UK, 2000.

Sanz, C.M.; Call, J.; Boesch, C. (Eds.) Tool Use in Animals: Cognition and Ecology; Cambridge University Press: Cambridge, UK,
2013.

Vale, G.L.; Flynn, E.G.; Pender, L.; Price, E.; Whiten, A.; Lambeth, S.P.; Schapiro, S.J.; Kendal, R.L. Robust retention and transfer
of tool construction techniques in chimpanzees (Pan troglodytes). ]. Comp. Psychol. 2016, 130, 24-35.

Osvath, M. Spontaneous planning for future stone throwing by a male chimpanzee. Curr. Biol. 2009, 19, 190-191.

Beran, M.].; Pate, J.L.; Washburn, D.A.; Rumbaugh, D.M. Sequential responding and planning in chimpanzees (Pan troglodytes)
and rhesus macaques (Macaca mulatta). |. Exp. Psychol. 2004, 30, 203-212.

Scarf, D.; Danly, E.; Morgan, G.; Colombo, M.; Terrace, H.S. Sequential planning in rhesus monkeys (Macaca mulatta). Anim.
Cogn. 2011, 14, 317-324.

Beran, M.],; Parrish, A.E. Sequential responding and planning in capuchin monkeys (Cebus apella) Anim. Cogn. 2012, 15,
1085-1094.

Nagshbandi, M.; Roberts, W.A. Anticipation of future events in squirrel monkeys (Saimiri sciureus) and rats (Rattus norvegicus):
Tests of the Bischof-Kohler hypothesis. ]. Comp. Psychol. 2006, 120, 345-357.

Cacchione, T.; Rakoczy, H. Comparative metaphysics: Thinking about objects in space and time. In APA Handbook of Compara-
tive Psychology: Perception, Learning, and Cognition; Call, J., Burghardt, ].M., Pepperberg, .M., Snowdon, C.T., Zentall, T., Eds,;
American Psychological Association: Washington, DC, USA, 2017; pp. 579-599.

Mitani, J.C.; Call, J.; Kappeler, P.M.; Palombit, R.A.; Silk, ].B. (Eds.) The Evolution of Primate Societies; University of Chicago
Press: Chicago, IL, USA, 2012.



Animals 2021, 11, 2999 15 of 18

34.

35.

36.

37.

38.

39.
40.

41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.

53.
54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Archie, E.A.; Tung, J.; Clark, M.; Altmann, ].; Alberts, S.C. Social affiliation matters: Both same-sex and opposite-sex relation-
ships predict survival in wild female baboons. Proc. R. Soc. B 2014, 281, 20141261.

Schiilke, O.; Bhagavatula, J.; Vigilant, L.; Ostner, J. Social bonds enhance reproductive success in male macaques. Curr. Biol.
2010, 20, 2207-2210.

Silk, ].B.; Alberts, S.C.; Altmann, J. Social bonds of female baboons enhance infant survival. Science 2003, 302, 1231-1234.

Silk, J.B.; Beehner, J.C.; Bergman, T.]J.; Crockford, C.; Engh, A.L.; Moscovice, L.R.; Wittig, R.M.; Seyfarth, R.M.; Cheney, D.L.
The benefits of social capital: Close social bonds among female baboons enhance offspring survival. Proc. R. Soc. B 2009, 276,
3099-3104.

Silk, J.B.; Beehner, J.C.; Bergman, T.J.; Crockford, C.; Engh, A.L.; Moscovice, L.R.; Wittig, R.M.; Seyfarth, RM.; Cheney, D.L.
Strong and consistent social bonds enhance the longevity of female baboons. Curr. Biol. 2010, 20, 1359-1361.

Cheney, D.L.; Seyfarth, R.M. The representation of social relations by monkeys. Cognition 1990, 37, 167-196.

Perry, S.; Barrett, H.C.; Manson, J.H. White-faced capuchin monkeys show triadic awareness in their choice of allies. Anim.
Behav. 2004, 67, 165-170.

Bergman, T.J.; Beehner, J.C.; Cheney, D.L.; Seyfarth, R.M. Hierarchical classification by rank and kinship in baboons. Science
2003, 302, 1234-1236.

Schino, G.; Tiddi, B.; Di Sorrentino, E.P. Simultaneous classification by rank and kinship in Japanese macaques. Anim. Behav.
2006, 71, 1069-1074.

Kajokaite, K.; Whalen, A.; Panchanathan, K.; Perry, S. White-faced capuchin monkeys use both rank and relationship quality to
recruit allies. Anim. Behav. 2019, 154, 161-169.

Burkart, ].M.; Hrdy, S.B.; Van Schaik, C.P. Cooperative breeding and human cognitive evolution. Evol. Anthropol. 2009, 18,
175-186.

Boesch, C. Cooperative hunting roles among Tai chimpanzees. Hum. Nat. 2002, 13, 27-46.

Jaeggi, A.V.; Van Schaik, C.P. The evolution of food sharing in primates. Behav. Ecol. Sociobiol. 2011, 65, 2125.

Kapsalis, E. Matrilineal kinship and primate behavior. In Kinship and Behavior in Primates; Chapais, B., Berman, C.M., Eds.;
Oxford University Press: Oxford, UK, 2004; pp. 153-175.

Silk, J.B. Kin selection in primate groups. Int. J. Primatol. 2002, 23, 849-875.

Liebal, K.; Ofa, L. Different approaches to meaning in primate gestural and vocal communication. Front. Psychol. 2018, 9, 478.
Cheney, D.L.; Seyfarth, R.M. Flexible usage in primate social calls. Proc. Natl. Acad. Sci. USA 2018, 115, 1974-1979.

Schel, A.M.; Machanda, Z.; Townsend, S.W.; Zuberbiihler, K.; Slocombe, K.E. Chimpanzee food calls are directed at specific
individuals. Anim. Behav. 2013, 86, 955-965.

Crockford, C.; Wittig, R.M.; Mundry, R.; Zuberbiihler, K. Wild chimpanzees inform ignorant group members of danger. Curr.
Biol. 2012, 22, 142-146.

Hare, B.; Call, J.; Tomasello, M. Do chimpanzees know what conspecifics know? Anim. Behav. 2001, 61, 139-151.

Hare, B.; Call, J.; Agnetta, B.; Tomasello, M. Chimpanzees know what conspecifics do and do not see. Anim. Behav. 2000, 59,
771-785.

Canteloup, C.; Poitrasson, I.; Anderson, J.R.; Poulin, N.; Meunier, H. Factors influencing deceptive behaviours in Tonkean
macaques (Macaca tonkeana). Behaviour 2017, 154, 765-784.

Byrne, RW.; Whiten, A. Machiavellian Intelligence: Social Expertise and the Evolution of Intellect in Monkeys, apes and Humans;
Oxford University Press: Oxford, UK, 1988.

Amici, F.; Call, J.; Aureli, F. Variation in withholding information in three monkey species. Proc. R. Soc. B 2009, 276, 3311-3318.
Kano, F.; Krupenye, C.; Hirata, S.; Tomonaga, M.; Call, ]. Great apes use self-experience to anticipate an agent’s action in a
false-belief test. Proc. Natl. Acad. Sci. USA 2019, 116, 20904—-20909.

Krupenye, C.; Kano, F.; Hirata, S.; Call, J.; Tomasello, M. Great apes anticipate that other individuals will act according to false
beliefs. Science 2016, 354, 110-114.

Hayashi, T.; Akikawa, R.; Kawasaki, K.; Egawa, J.; Minamimoto, T.; Kobayashi, K.; Kato, S.; Hori, Y.; Nagai, Y; Iijima, A.; et al.
Macaques exhibit implicit gaze bias anticipating others’ false-belief-driven actions via medial prefrontal cortex. Cell Rep. 2020,
30, 4433-4444.

Boesch, C. From material to symbolic cultures: Culture in primates. In The Oxford Handbook of Culture and Psychology; Valsiner,
J., Ed.; Oxford University Press: Oxford, UK, 2012.

Cacchione, T.; Amici, F. Insights from comparative research on cultural learning. Prog. Brain Res. 2020, 254, 247-270.

Harvey, P.; Martin, R.D.; Clutton-Brock, T.H. Life histories in comparative perspective. In Primate Societies; Smuts, B.B.,
Cheney, D.L., Seyfarth, RM., Wrangham, R.W., Struhsaker, T.T., Eds.; The University of Chicago Press: Chicago, IL, USA,
1987.

Maestipieri, D. Maternal influences on primate social development. Behav. Ecol. Sociobiol. 2018, 72, 130.

Cassidy, J.; Shaver, P.R. Handbook of Attachment: Theory, Research, and Clinical Applications; Guilford Publications: New York, NY,
USA, 2018.

de Waal, F.B.M.; Preston, 5S.D. Mammalian empathy: Behavioural manifestations and neural basis. Nat. Rev. Neurosci. 2017, 18,
498-509.

Fraser, O.N.; Stahl, D.; Aureli, F. Stress reduction through consolation in chimpanzees. Proc. Natl. Acad. Sci. USA 2008, 105,
8557-8562.



Animals 2021, 11, 2999 16 of 18

68.

69.

70.

71.
72.

73.
74.
75.
76.

77.
78.

79.
80.
81.
82.
83.

84.
85.

86.

87.

88.
89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Palagi, E.; Dall’Olio, S.; Demuru, E.; Stanyon, R. Exploring the evolutionary foundations of empathy: Consolation in monkeys.
Evol. Hum. Behav. 2014, 35, 341-349.

Melis, A.P.; Warneken, F.; Jensen, K.; Schneider, A.C.; Call, J.; Tomasello, M. Chimpanzees help conspecifics obtain food and
non-food items. Proc. Biol. Sci. 2011, 278, 1405-1413.

Warneken, F.; Hare, B.; Melis, A.P.; Hanus, D.; Tomasello, M. Spontaneous altruism by chimpanzees and young children. PLoS
Biol. 2007, 5, e184.

Warneken, F.; Tomasello, M. Altruistic helping in human infants and young chimpanzees. Science 2006, 311, 1301-1303.
Barnes, J.L.; Hill, T.; Langer, M.; Martinez, M.; Santos, L.R. Helping behaviour and regard for others in capuchin monkeys
(Cebus apella). Biol. Lett. 2008, 4, 638—-640.

Brosnan, S.; de Waal, F.B.M. Monkeys reject unequal pay. Nature 2003, 425, 297-299.

Brosnan, S. Justice- and fairness-related behaviors in nonhuman primates. Proc. Natl. Acad. Sci. USA 2013, 110, 10416-10423.
Anderson, ].R; Gillies, ].R.; Lock, L.C. Pan thanatology. Curr. Biol. 2010, 20, 349-351.

Biro, D.; Humle, T.; Koops, K.; Sousa, C.; Hayashi, M.; Matsuzawa, T. Chimpanzee mothers at Bossou, Guinea carry the
mummified remains of their dead infants. Curr. Biol. 2012, 20, 351-352.

Yang, B.; Anderson, J.R.; Li, B.G. Tending a dying adult in a wild multi-level primate society. Curr. Biol. 2016, 26, R403-R404.
International Union for Conservation of Nature, IUCN Red List of Threatened Species, Version 2021-2022. Available online:
www.iucnredlist.org (accessed on 22 September 2021).

Integrated Taxonomic Information System (ITIS), Order Primates. Available online: www.itis.gov (accessed on 22 September
2021).

Prescott, M.J. Ethics of primate use. Adv. Sci. Res. 2010, 5, 11-22.

de Waal, F.B.M. With a little help from a friend. PLoS Biol. 2007, 5, €190.

de Waal, F.B.M. The antiquity of empathy Science 2012, 336, 874-876.

Bassett, L.; Buchanan-Smith, H.M. Effects of predictability on the welfare of captive animals. Appl. Anim. Behav. Sci. 2007, 102,
223-245.

Broom, D.M. Animal welfare: Concepts and measurement. J. Anim. Sci. 1991, 69, 4167-4175.

Olsson, A.S.; Robinson, P.; Pritchett, K.; Sandee, P. Animal research ethics. In Handbook of Laboratory Animal Science: Essential
Principles and Practices; Hau, J., van Hoosier, G.L., Eds.; CRC Press: Boca Raton, FL, USA, 2003; pp. 13-30.

Conlee, K.M.; Rowan, AN. The case for phasing out experiments on primates. Hastings Cent. Rep. 2012, S31-534.
https://doi.org/10.1002/hast.106.

Hannibal, D.; Bliss-Moreau, E.; Vandeleest, J.; McCowan, B.; Capitanio, J. Laboratory rhesus macaque social housing and social
changes: Implications for research. Am. J. Primatol. 2016, 79, 1-14.

Clark, F. Cognitive enrichment and welfare: Current approaches and future directions. Anim. Behav. Cogn. 2017, 4, 52-71.
Clark, F. Great ape cognition and captive care: Can cognitive challenges enhance well-being? Appl. Anim. Behav. Sci. 2011, 135,
1-12.

Meehan, C.L.; Mench, J.A. The challenge of challenge: Can problem solving opportunities enhance animal welfare? Appl. Anim.
Behav. Sci. 2007, 102, 246-261.

Mitchell, A.S.; Hartig, R.; Basso, M.A.; Jarrett, W.; Kastner, S.; Poirier, C. International primate neuroscience research regula-
tion, public engagement and transparency opportunities. Neurolmage 2021, 229, 117700.

Zhang, X.L.; Pang, W.; Hu, X.T.; Li, ].L.; Yao, Y.G.; Zheng, Y.T. Experimental primates and non-human primate (NHP) models
of human diseases in China: Current status and progress. Zool. Res. 2014, 35, 447-464.

Ferdowsian, H.; Merskin, D. Parallels in sources of trauma, pain, distress, and suffering in humans and nonhuman animals. J.
Trauma Dissociation 2012, 13, 448-468.

Carvalho, C.; Gaspar, A.; Knight, A.; Vicente, L. Ethical and scientific pitfalls concerning laboratory research with non-human
primates, and possible solutions. Animals. 2018, 29, 12.

Latham, N.; Mason, G. Maternal deprivation and the development of stereotypic behavior. Appl. Anim. Behav. Sci. 2008, 110,
84-108.

Amici, F; Kulik, L.; Langos, D.; Widdig, A. Growing into adulthood —How social bonds develop in immature rhesus ma-
caques (Macaca mulatta). Behav. Ecol. Sociobiol. 2019, 73, 18.

Kalin, N.H.; Carnes, M. Biological correlates of attachment bond disruption in humans and nonhuman primates. Prog. Neuro-
psychopharmacol. Biol. Psychiatry 1984, 8, 459-469.

Lopresti-Goodman, S.M.; Bezner, J.; Ritter, C. Psychological distress in chimpanzees rescued from laboratories. |. Trauma
Dissociation 2015, 16, 349-366.

Ross, S.R.; Leinwand, J.G. A review of research in primate sanctuaries. Biol. Lett., 2020, 16, 20200033.

Ferdowsian, H.R.; Durham, D.L.; Kimwele, C.; Kranendonk, G.; Otali, E.; Akugizibwe, T.; Mulcahy, ].B.; Ajarova, L.; Johnson,
C.M. Signs of mood and anxiety disorders in chimpanzees. PLoS ONE 2011, 6, e19855.

Ferdowsian, H.R.; Durham, D.L.; Johnson, C.M.; Briine, M.; Kimwele, C.; Kranendonk, G.; Otali, E.; Akugizibwe, T.; Mulcahy,
J.B.; Ajarova, L. Signs of generalized anxiety and compulsive disorders in chimpanzees. . Vet. Behav. 2012, 7, 353-361.
McCowan, B.; Rommeck, I. Bioacoustic monitoring of aggression in group-housed rhesus macaques. J. Appl. Anim. Welf. Sci.
2006, 9, 261-268.



Animals 2021, 11, 2999 17 of 18

103.

104.

105.
106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.
119.

120.
121.
122.
124.
125.
126.
127.
128.
129.
130.

131.
132.

133.

134.

135.

136.
137.

138.

Anestidou, L.; Johnson, A.F. (Eds.) Care, Use, and Welfare of Marmosets as Animal Models for Gene Editing-Based Biomedical Research:
Proceedings of a Workshop; National Academies Press: Washington, DC, USA, 2019.
Bernardi, S.; Salzman, C.D. The contribution of nonhuman primate research to the understanding of emotion and cognition
and its clinical relevance. Proc. Natl. Acad. Sci. USA 2019, 116, 26305-26312.
Capitanio, J.P.; Emborg, M.E. Contributions of non-human primates to neuroscience research. Lancet 2008, 371, 1126-1135.
Friedman, H.; Haigwood, N.; Ator, N.; Newsome, W.; Allan, J.S.; Golos, T.G.; Kordower, J.H.; Shade, R.E.; Goldberg, M.E.;
Bailey, M.R; et al. The critical role of nonhuman primates in medical research. Pathog. Immun. 2017, 2, 352-365.
Mitchell, A.S.; Thiele, A.; Petkov, C.I.; Roberts, A.; Robbins, T.W.; Schultz, W.; Lemon, R. Continued need for non-human
primate neuroscience research. Curr. Biol. 2018, 28, 1186-1187.
Okano, H.; Kishi, N. Investigation of brain science and neurological/psychiatric disorders using genetically modified
non-human primates. Curr. Opin. Neurobiol. 2018, 50, 1-6.
Roberts, A.C.; Clarke, H.F. Why we need nonhuman primates to study the role of ventromedial prefrontal cortex in the regu-
lation of threat- and reward-elicited responses. Proc. Natl. Acad. Sci. USA 2019, 116, 26297-26304.
Yeung, K.R.; Chiu, C.L.; Pears, S.; Heffernan, S.J.; Makris, A.; Hennessy, A.; Lind, J.M. A cross-sectional study of ageing and
cardiovascular function over the baboon lifespan. PLoS ONE 2016, 11, e0159576.
Regan, T. Empty cages: Animal rights and vivisection. In Contemporary Debates in Applied Ethics; Cohen, A.L, Wellman, C.H.,
Eds.; Blackwell Publishing: Oxford, UK, 2005; pp. 77-90.
Ferdowsian, H.; Fuentes, A. Harms and deprivation of benefits for nonhuman primates in research. Theor. Med. Bioeth. 2014, 35,
143-156.
Quigley, M. Non-human primates: The appropriate subjects of biomedical research? . Med. Ethics 2007, 33, 655-658.
Hackam, D.G.; Redelmeier, D.A.Translation of research evidence from animals to humans. JAMA 2006, 296, 1731-1732.
Arnason, G. The emergence and development of animal research ethics: A review with a focus on nonhuman primates. Sci.
Eng. Ethics 2020, 26, 2277-2293.
Arnason, G.; Clausen, J. On balance: Weighing harms and benefits in fundamental neurological research using nonhuman
primates. Med. Healthc. Phil. 2016, 19, 229-237.
Nordgren, A. For Our Children: The Ethics of Animal Experimentation in the Age of Genetic Engineering; Rodopi: Amsterdam, The
Netherlands, 2010.
Gagneux, P.; Moore, ].J.; Varki, A. The ethics of research on great apes. Nature 2005, 437, 27-29.
Beauchamp, T.L.; Morton, D.B. The upper limits of pain and suffering in animal research: A moral assessment of the European
Union'’s legislative framework. Camb. Q. Healthc. Ethics 2015, 24, 431-447.
Brambell, F.W. Report of the Technical Committee to Enquire into the Welfare of Animals Kept under Intensive Livestock Husbandry
Systems; Her Majesty’s Stationery Office: London, UK, 1965.
Pryce, C.R.; Riledi-Bettschen, D.; Dettling, A.C.; Feldon, J. Early life stress: Long-term physiological impact in rodents and
primates. News Physiol. Sci. 2002, 17, 150-155.
Pellegrino, E. The Nazi doctors and Nuremberg: Some moral lessons revisited. Ann. Intern. Med. 1997, 127, 307-308.
123. Regan, T. The Case for Animal Rights; University of California Press: Berkeley, CA, USA, 1983.
Beauchamp, T.L.; Childress, ]J.F. Principles of Biomedical Ethics; Oxford University Press: Oxford, UK, 2013.
Fenton, A. Can a chimp say “no”? Camb. Q. Healthc. Ethics 2014, 23, 130-139.
Beauchamp, T.L.; Wobber, V. Autonomy in chimpanzees. Theor. Med. Bioeth. 2014, 35, 117-132.
Wendler, D. Should protections for research with humans who cannot consent apply to research with nonhuman primates?
Theor. Med. Bioeth. 2014, 35, 157-173.
Kantin, H.; Wendler, D. Is there a role for assent or dissent in animal research? Camb. Q. Healthc. Ethics 2015, 24, 459-472.
Russell, W.M.S,; Burch, R. The Principles of Humane Experimental Technique; Methuen: London, UK, 1959.
Gluck, J.P. Moving beyond the welfare standard of psychological well-being for nonhuman primates: The case of chimpanzees.
Theor. Med. Bioeth. 2014, 35, 105-116.
Animal Welfare Act (1966). Publi Law 89-544, Enacted by the 89th United States Congress; USDA: Washington, DC, USA, 1966.
National Research Council. Guide for the Care and Use of Laboratory Animals; National Academies Press: Washington, DC, USA,
2011.
Reardon, S. US lawmakers propose plan to reduce primate research at National Institutes of Health. Nature 2019.
https://doi.org/10.1038/d41586-019-01511-0.
Grimm, 20109. Available online:
https://www.sciencemag.org/news/2019/12/2020-us-spending-bill-restricts-some-animal-research-pushes-lab-animal-retireme
nt (accessed on 10 March 2021).
Institute of Medicine. Chimpanzees in Biomedical and Behavioral Research: Assessing the Necessity; The National Academies Press:
Washington, DC, USA, 2011.
Kaiser, J. An end to U.S. chimp research. Science 2015, 350, 1013.
Baker, K.C.; Weed, J.L.; Crockett, C.C.; Bloomsmith, M.A. Survey of environmental enrichment programs for laboratory pri-
mates. Am. |. Primatol. 2007, 69, 377-394.
Balcombe, J.; Ferdowsian, H.R.; Durham, D. Self-harm in laboratory-housed primates: Where is the evidence that the animal
welfare act amendment has worked? |. Appl. Anim. Welf. Sci. 2011, 14, 361-370.



Animals 2021, 11, 2999 18 of 18

139.
140.

141.

142.

143.
144.

145.
146.
147.
148.
149.
150.

151.
152.

153.
154.

155.

156.

157.

158.

159.

160.
161.

162.
163.
164.

165.
166.

167.

168.
169.

170.

171.
172.

173.

Kurosawa, T.M. Japanese regulation of laboratory animal care with 3Rs. AATEX 2007, 14, 317-321.

Prime Minister’s Office. Standards relating to the care and management of experimental animals (Notice No. 6, 1980). Exp.
Anim. 1982, 31, 228-231.

Kagiyama, N.; Nomura, T. Japanese regulations on animal experiments. In Development of Science-Based Guidelines for Laboratory
Animal Care; ILAR, National Research Council, Ed.; National Academy Press: Washington, DC, USA, 2004; pp. 50-56.

Science Council of Japan. Guidelines for Proper Conduct of Animals Experiments. 2006. Available online:
http://www .scj.go.jp/en/animal/ (accessed on 10 March 2021).

Matsuda, Y. Recent trends in the number of laboratory animals used in Japan. Altern. Lab. Anim. 2004, 32, 299-301.

Kong, Q.; Qin, C. Laboratory animal science in China: Current status and potential for the adoption of three R alternatives.
Altern. Lab. Anim. 2010, 38, 53—-69.

Bayne, K.; Wang, C. Oversight of animal research in China. In Laboratory Animals; Guillen, G., Ed.; Academic Press: Cambridge,
MA, USA, 2014; pp. 243-266.

Ministry of Science and Technology. Guideline on Humane Treatment of Laboratory Animals. 2006. Available online:
www.most.gov.cn/zfwj/zfwj2006/200512/t20051214_54389.htm (accessed on 18 October 2021).

Cao, D. Ethical questions for research ethics: Animal research in China. . Anim. Ethics. 2018, 8, 138.

Cao, D. Animals in China: Law and Society; The Palgrave Macmillan: London, UK, 2015.

Cyranoski, D. Monkey kingdom. Nature 2016, 532, 300-302.

Vogel, G. Monkey facility in China lures neuroscientist. Science 2020, 367, 496—497.

Xia, C.; Gautam, A. Biopharma CRO industry in China: Landscape and opportunities. Drug Discov. Today 2015, 20, 794-798.
European Commission. National Competent Authorities for the implementation of Directive 2010/63/EU on the protection of
animals used for scientific purposes. In A Working Document on the Development of a Common Education and Training Framework to
Fulfil the Requirements under the Directive; European Commission: Brussels, Belgium, 2018. Available online:
http://ec.europa.eu/environment/chemicals/lab_animals/pdf/guidance/education_training/en.pdf (accessed on 10 March 2021).
Bayne, K.; Turner, P.V. Animal welfare standards and international collaborations. ILAR ]. 2019, 60, 86-94.

Chatfield, K.; Morton, D. The Use of Non-human Primates in Research. In Ethics Dumping; Schroeder, D., Cook, J., Hirsch, F.,
Fenet, S., Muthuswamy, V., Eds.; Springer Briefs in Research and Innovation Governance; Springer: Cham, Switzerland, 2018.
Cruelty Free International. Available online:
https://www.crueltyfreeinternational.org/what-we-do/cargo-cruelty/stop-airlines-transporting-monkeys-animal-experiments
(accessed on 10 March 2021).

Animal Legal Defense Fund. New England Anti-Vivisection Society vs. Goldentyer. 2020. Available online:
https://aldf.org/case (accessed on 10 March 2021).

Animal Legal Defense Fund. Animal Legal Defense Fund and Rise for Animals vs. USDA. 2020. Available online:
https://aldf.org/case (accessed on 10 March 2021).

European Commission. Communication from the Commission on the European citizens’ Initiative “Stop Vivisection”; European
Commission: Brussel, Belgium, 2015. Available online:
https://ec.europa.eu/environment/chemicals/lab_animals/pdf/vivisection/en.pdf (accessed on 10 March 2021).

Walker, R.L.; Eggel, M. From mice to Monkeys? Beyond orthodox approaches to the ethics of animal model choice. Animals
2020, 10, 77.

Fasel, R.; Blattner, C.; Mannino, A.; Baumann, T. Grundrechte fiir Primaten. Sentience Politics 2016, 1, 1-18.

Greek, R.; Hansen, L.A.; Menache, A. An analysis of the Bateson review of research using nonhuman primates. Medicoleg.
Bioeth. 2011, 1, 3-22.

Cavalieri, P.; Singer, P. (Eds.) The Great Ape Project: Equality Beyond Humanity; Fourth Estate: London, UK, 1993.

Matsuzawa, T. SAGA and GAIN for great apes. Primates. 2016, 57, 1-2.

Morimura, N.; Idani, G.; Matsuzawa, T. The first chimpanzee sanctuary in Japan: An attempt to care for the “surplus” of bio-
medical research. Am. J. Primatol. 2011, 73, 226-232.

Matsuzawa, T. WISH cages: Constructing multiple habitats for captive chimpanzees. Primates 2020, 61, 139-148.

Hayashi, M.; Sakuraba, Y.; Watanabe, S.; Kaneko, A.; Matsuzawa, T. Behavioral recovery from tetraparesis in a captive chim-
panzee. Primates 2013, 54, 237-243.

Reardon, S. US government gives research chimps endangered-species  protection.  Nature  2015.
https://doi.org/10.1038/nature.2015.17755.

ChimpCARE. Available online: https://chimpcare.org/ (accessed on 22 September 2021).

Ahktar, S. Animal welfare and animal pain: Can pain sometimes be worse for them than for us? In The Oxford Handbook of
Animal Ethics; Beauchamp, T.L., Frey, R.G., Eds.; Oxford Handbooks Online: Oxford, UK, 2011.

Bermond, B. A neuropsychological and evolutionary approach to animal consciousness and animal suffering. Anim. Welf. 2001,
10, 47-62.

Lea, S.E.G. Anticipation and memory as criteria for special welfare consideration. Anim. Welf. 2001, 10, 195-208.

Estrada, A.; Garber, P.A.; Rylands, A.B.; Roos, C.; Fernandez-Duque, E.; Di Fiore, A.; Nekaris, K.A.-I.; Nijman, V.; Heymann,
E.W.; Lambert, ].E.; et al. Impending extinction crisis of the world’s primates: Why primates matter. Sci. Adv. 2017, 3, e1600946.
Chapman, C.A.; Bonnell, T.R.; Gogarten, J.F.; Lambert, J.E.; Omeja, P.A.; Twinomugisha, D.; Wasserman, M.; Rothman, ].M.
Are Primates Ecosystem Engineers? Int. |. Primatol. 2012, 34, 1-14.



	1. Introduction
	2. Evidence of Complex Behavioural and Cognitive Life in NHPs
	3. Welfare Considerations
	4. Ethical Issues Linked to the Use of NHPs in Invasive Research
	5. Legal Protection Granted to NHPs around the World
	6. Brief Overview of Attempts to Stop Invasive Research on NHPs
	7. Conclusions and Future Perspectives—Beyond the 3Rs
	References

