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1 | INTRODUCTION

Efforts in cognitive neuroscience have begun to address mecha-
nisms and processes of cognitive functions and psychiatric disor-
ders. Cognitive functions are supported by complex and distributed
brain processes. Psychiatric disorders, i.e. personality disorders or
developmental syndromes (e.g. depression, schizophrenia, autism,
Alzheimer, fragile X, etc.), comprise any impairment of the brain that
disrupts to some extent neural connectivity underlying cognitive
functions, irrespective of the nature of the mechanisms that have
brought about this impairment. The study of cognitive functions
and psychiatric disorders is mutually informative, because by under-
standing the functional correlates of specific cerebral impairments,
it is possible to highlight the neurodevelopmental underpinnings of
the human mind.? In addition, basic research in cognitive neurosci-
ence informs investigations about mechanisms involved in neuro-

psychiatric disorders.

We emphasize the importance of studying the primate brain in cognitive neurosci-
ence and suggest a new mind-set in primate experimentation within the boundaries
of animal welfare regulations. Specifically, we list the advantages of investigating
both genes and neural mechanisms and processes in the emergence of behavioral and
cognitive functions, and propose the establishment of an open field of primate re-
search. The latter may be conducted by implementing and harmonizing experimental
practices with ethical guidelines that regulate (1) management of natural parks with
free-moving populations of target nonhuman primates, (2) establishment of indoor-
outdoor labs for both system genetics and neuroscience investigations, and (3) hotel
space and technologies which remotely collect and dislocate information regarding

primates geographically located elsewhere.

animal models, cognitive neuroscience, natural parks, neuropsychiatry, primate
experimentation, primate welfare, Research Domain Criteria

Human studies alone are not yet sufficient to achieve precise
information about the mechanisms and functioning of the brain,
and experimentation with nonhuman animals remains an important
cornerstone of both neuroscience and neuropsychiatry. Humans be-
long to the primate order and share with other nonhuman primates
(NHPs) several cognitive abilities sub-served by a homologous brain
architecture. Therefore, since the dawn of cognitive neuroscience
the NHP brain has been investigated via a number of perceptual and
cognitive tasks, with monkeys typically been considered optimal
candidates for inquiring about core processes and mechanisms of
the human mind.

The assumption of evolutionary relatedness, by a homologous
brain architecture, has guided the conjoint investigation of mental
functions and dysfunctions in human and NHPs. The core idea is that
by uncovering the cerebral underpinnings of primate psychological
functions, we can acquire a more complete picture of the processes

and mechanisms of human cognition and psychiatric disorders. To
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date, a detailed map of the human brain has benefited from findings
achieved during neurophysiological experiments with primates.

The evolutionary relatedness between human and NHPs has
made primate experimentation pivotal for cognitive neuroscience
research. At the same time, their phylogenetic closeness has been
one reason for questioning primate experimentation in its current
ethical form. The line of reasoning is that, since the NHP brain and
body are like our own, they also suffer like us, and therefore they de-
serve increased welfare compared to other species. Consequently,
new regulations have produced restrictions in the use of NHP in lab-
oratory research [see Box 1].

One consequence of the new restrictions has been a progressive
increase in rodent experimentation. To date, a great deal of exper-
imental research in cognitive neuroscience is conducted in rodent
species. Rodents have become among the most common animal
models in cognitive neuroscience; many behavioral studies are also
conducted with rodents, leading to an increase in the range of cogni-
tive functions attributed to these mammals. Rodents are now known
to possess astonishingly complex capacities, such as flexible behav-
ior, spatial navigation, and episodic-like memory.

However, as we argue in this paper, if not combined with primate
experimentation, cognitive neuroscience in rodents is limited. If the goal
is to identify the neural correlates of the human mind, a knowledge of
the specific neurobiological mechanisms that can inform generalizations
about associated human cognitive functions is required. We contend
that, if performed in parallel with human and rodent experimentation,
NHP research has significant benefits, because it allows us to reach
an understanding of human brain mechanisms through the study of a
model brain more similar to human beings than that of rodents.

Our argument comes with concrete proposals for primate wel-
fare. We claim that NHP experimentation in cognitive neuroscience
can be conducted within a new mind-set that harmonizes the use
of novel technologies with scientific practices promoting primate
welfare. Specifically, we envisage a system of remote technologies
and a combination of indoor-outdoor laboratory structures that are
compatible with increased ethical standards for primate research.
After describing a series of tools and labs technologies that may fit
the scope, we make a series of observations on the epistemic and
economic benefits that our proposal may bring.

We start by reviewing the use of both rodents and primate models
in cognitive neurobiological research (Section 2). In Section 3, we em-
phasize the importance of studying NHP by discussing recent research
guidelines (i.e. Research Domain Criteria) launched by the National
Institute of Health. In Section 4, we present the core of the proposal
for studying NHP while improving welfare measures for NHP. We then
review the potential benefits of studying NHPs in Section 5 and dis-
cuss more general costs and benefits trade-offs in Section 6.

2 | ANIMAL MODELS IN NEUROBIOLOGY

In the past few decades, research with rodents has become promi-
nent in various sub-fields of cognitive neuroscience, and progress

BOX 1 Changesin NHP experimentation

In parallel with the study of primate cognition and the dis-
covery of their genetic, neural and behavioral similarity
with human beings, the status of NHP in research has gen-
erated much debate. While the similarity has scientific ad-
vantages, it poses ethical problems because of a likelihood
that primate experience pain and suffering in ways that are
similar to humans.? This argument has accompanied several
initiatives aiming at protecting NHPs. In 1993, the Great
Ape Project (GAP) took birth, endorsing that great apes
hold the right to life, individual liberty, and freedom from
torture. In 2008, Spain was the first to acquired GAP in its
legislation, followed by Austria, New Zealand, Netherland,
Sweden, and UK. The ban in Sweden, however, does not
extend to non-invasive behavioral studies, and research on
great ape cognition continues to be carried out on zoo go-
rillas. Sweden's legislation also bans invasive experiments
on gibbons. In Europe, primate research is regulated by
the Directive 2010/63/EU, who banned most studies on
great apes (European Parliament 2010: Article 8). Further,
the Directive 2010/63/EU permits research on monkeys
only if it is provided the work could not be carried out in
any other species (European Parliament 2010: Article 8).
Many protests against monkey experimentation have led
to legal disputes in many countries, such as Australia and
United States. Some institutions are no longer using pri-
mates, such as the Harvard Medical School, which closed
its affiliated primate facility in 2015. Others are reviewing
their primate use: for instance, the US National Institutes
of Health announced recently that it would review all NIH
research that it funds. A completely opposite trend is hap-
pening in China and some African countries (Kenya, South
Africa and Ethiopia), where due to different approach to
primate experimentation, the number of NHPs used in re-

search is increasing.

has been made through rodent experimentation. Mechanistic fea-
tures and functions of key neural circuits common to the mamma-
lian order, such as reward and emotional systems, have been deeply
investigated through brain research in mice and rats. Further, new
techniques, such as deep brain stimulation and optogenetics, have
been mostly tested in the rodent models, allowing generalizations of
brain mechanisms to the human brain.

These achievements, however, should not lead us to forget the
differences between the human and rodent brains, which mat-
ter for translation of rodent findings to human beings. For exam-
ple, the size and cortical organization of the prefrontal cortex, von
Enconomo neurons, neurotransmitters and neuromodulatory path-
ways3 are different in rodents and primates. As a consequence, the
neural mechanisms and processes underlying cognitive traits in the
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two taxa can be very different, although the observed behavior is
analogous.

Consider attention as an example. Critical differences do exist
between rodent and primate mechanisms and processes of atten-
tion. In humans and NHPs the allocation of attention is determined
by a frontoparietal neural network.* This includes parts of the ocu-
lomotor system aligning the fovea with objects of interest, and pro-
vides spatially selective feedback signals to extrastriate visual cortex
that cause attention-dependent changes in gain.5’6

Although rodents can and do move their eyes, they lack a fovea,
and lack the prefrontal oculomotor infrastructure that serves to de-
ploy spatial attention in primates.” Consequently, brain research in
rodents can be informative to the extent that it highlights coarse-
grained factors affecting the capacity to allocate attention in human.
However, it tends to be limited when the goal is uncovering how
human cortical connectivity is affected by top-down neural process-
ing in the ability to deploy attention. As consequence, experimenta-
tion with rodents may restrict successful development of therapies
for psychiatric disorders in which attention processes are affected.

This is just an example, but striking differences between rodents
and primates also include communication based on mobility of facial
expression,® capacity for mentalization,” and the use of both motor
and sensory tools, and enhanced tactile specialization,*° among oth-
ers. In each of these cases, cognitive functions seem to depend on
primate-specific brain specializations, which in turn may affect the
way cognitive dysfunctions arise.

It is worth of emphasizing that we do not aim to dismiss the im-
portance of rodent models in neuroscience. At the same time, we do
not contend that NHP experimentation alone is sufficient for uncov-
ering the biological bases of human cognition. Animal experimenta-
tion depends on being able to select the right model for addressing
the right questions. The choice of the species to be used depends
on many factors that are not only methodological in nature, but also
ethical.

In line with this general maxim, experiments with mice and rats
are important, not only to uncover brain mechanisms and processes
which are common to rodents and humans, as described above in the
case of attention. The rodent model is also important for inquiring
into the genetic variability associated with atypical brain function,
and increased vulnerability to diseases. Neurobiological experi-
ments in rodents have proved useful to investigations of the effect
size of specific sets of genes in neurocognitive functions that are
common to human beings and rodents. For instance, screening for
loss or gain of gene functions in mice has helped to highlight the
mechanisms of action of specific molecules, and to determine neu-
romolecular pathways affecting aspects of sensorimotor control. To
date, we already know of several molecular and neural circuitries as-
sociated with typical and atypical sensorimotor capacities in human
beings that have guided mechanist studies in rodents.

Although rodents are optimal animal models for inquiring into
neurobiological functions that are common to human beings and
rodents, they are of limited use in uncovering the neurobiolog-
ical bases of cognitive capacities that are specific to NHPs. Thus,

addressing these questions in rodent species in order to formulate
general mechanisms that also apply to humans is a gamble, which is
already producing results that suffer from limitations. >

Experimentation with NHPs is more appropriate for studying
the biological bases of human cognition for a number of reasons.
There are more consistent similarities between two primate species
than between two different taxa, at the genetic, neural, and socio-
behavioral levels.*? Given the close biological similarities between
NHPs and humans, NHP research could significantly reduce the un-
certainty associated with translation of findings to humans and be
instrumental in producing more realistic mechanist models of human
cognitive functions.

Further, the phylogenetic proximity of humans and NHPs makes
more likely that they will share many of the specific neural mech-
anisms involved in brain physiology, behavior, and susceptibility to
disease. Gene maps of NHPs and humans are highly conserved and
therefore NHPs will more closely model the complex gene-gene and
gene-environment interactions that control human neurophysiolog-
ical processes.?

Further, beyond the phylogenetic (and thus genetic) closeness,
there are anatomical similarities. Primate brains follow similar rules
of cerebral changes, which do not apply to rodents. In rodents, varia-
tions in brain size outpace variations in the number of brain neurons.
Rodent brains vary in mass as a power function of the number of
brain neurons, whereas in primates, brain size increases linearly as
a function of the number of neurons.’® This makes the rodent brain
structurally dissimilar, in terms of number of neurons, layer struc-
tures and connectivity, to the primate brain and thus suitable as a
model for studies targeting primate-specific cognitive functions.

We are aware that no animal models will ever fully recapitulate
human cognition, which is the result of species-specific environ-
mental and cultural influences, but NHP experimentation can still
provide important information for identifying brain mechanisms
implicated in the emergence of human cognitive functions. Human
experimentation and alternative methods are not yet a mature
branch of research. Until we can develop non-invasive, but nonethe-
less efficient experimental tools for investigating the fine-grained
functional-mechanistic aspects of human cognition, to compare ev-
idence obtained during investigations in humans with research on

neurobiological mechanisms in animals closely related to us.

3 | THE RESEARCH DOMAIN CRITERIA
APPROACH TO NEUROPSYCHIATRY

In 2010, the National Institute of Mental Health promulgated the
Research Domain Criteria (RDoC), a long-term framework for re-
search in psychiatry based on progress in genetics, neurobiology,
and clinical observation, with the goal of understanding the mech-
anisms underlying normal and abnormal human behavior. RDoC
involves the combination of the systems genetics approach, plus
the technologies related to disease modeling, and developmental
and social neuroscience, informed by clinical investigations.14
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Systems genetics is a growing field of genetics that inquires
into the interactions of biological information underlying complex
traits, by using a range of experimental and statistical methods to
quantitate phenotypes.’> Among these methods, Genome-Wide
Association Studies have identified thousands of genetic loci that
contribute to several cognitive traits, including psychiatric diseases.
Further, recent technological developments (such as micro-arrays,
high-throughput CHIP-seq, RNA-seq, etc.) are now allowing us to
quantitatively survey hundreds or thousands of biological mole-
cules, from DNA sequence variations to epigenetic marks to levels
of transcripts, proteins and metabolites that are associated with the
development of specific functional and dysfunctional traits.*

Meanwhile, cognitive neuroscience is advancing in the use of
technologies for the investigation of neural activity, highlighting the
neurodevelopmental underpinnings of specific cognitive functions
and dysfunctions. These include neuroimaging, electroencephalogra-
phy, magnetoencephalography, transcranial magnetic stimulation, and
positron emission tomography. Other techniques, which can be used
in human beings exclusively under specific clinical conditions, include
electrode recording of single or multilevel populations of neurons.

Considering that molecular and neuroscientific technologies are
now enabling pathway-based, systems-level approaches that have
the potential to delineate the neurobiological context in which ge-
netic variations exert their effects, one of the next scientific steps
may involve providing a road map between set of genes and mental
functions by connecting a sufficient amount of data about neural
systems underlying cognitive and behavioral phenomena.

The recommendation of the NIH is to take into account not only
observations at the behavioral level, but also to integrate knowledge
related to the neurobiological bases of human mental phenomena.
With the promotion of RDoC, the scientific community further ac-
knowledges that in research about mental phenomena.

Nevertheless, there are still limitations to the types of research
that can be conducted in human beings. It is not yet possible to per-
form investigations at the level of populations of neurons or molec-
ular screening of human neural tissues. In addition, there are also
several difficulties related to the ethics of possible interventions.
Because of the intrinsic limitations of systematic investigations of bi-
ology and behavior of healthy and diseased humans, RDoC includes
animal experimentation as an integral part of its research practices.’

As previously explained, research conducted with the most
common animal models in neurobiology, i.e. rodents, is limited. The
brain differences between rodent models (rats and mice) and human
beings are such that the cognitive dysfunctions under investigation
may be generated by primate specific biological features or specie-
specific functions. Consequently, to study the neurobiological bases
of psychiatric disorders through different levels of analysis, we need
to conduct research in animal models that are closer to the human
cerebral and molecular phenotypes.

Basing on these assumptions, we think that one possible way to
proceed, among others, is the application of the RDoC guidelines
to primate experimentation, to implement a research agenda that
involves investigations of multilevel information in target species

of monkeys. The research agenda would include the study of NHP
brain, behavior and genetics. More specifically, systems genetics and
cognitive neuroscience investigations in NHPs could be instrumen-
tal in collecting data in NHP subjects that allows analysis of multi-
level information (from genetic profiles, to molecules, to neuronal
circuitry), through large-scale investigation of behavior.

In this context, rodent research would still be fundamental. The ro-
dent model would be important for disease modeling, to inquiring into
the genetic variability associated with atypical brain functioning, and
increased vulnerability to diseases. In parallel with rodent research,
experimentation on NHPs would provide complementary informa-
tion, with a set of brain and molecular high-resolution techniques
being instrumental in inquiring into target brain functions in monkeys.

It is not the goal of this paper to delineate the exact combination
of techniques and experimental methods that could be utilized in
such an enterprise. A few examples, to be developed in future work,
illustrate how NHP experimentation could include the systems ge-
netics®® tools that we have listed above. Through these tools, it will
be possible to proceed to large genetic GWAS analysis, and molecu-
lar screening of central and peripheral tissues.

Furthermore, molecular imaging techniques could be used to
detect fine-scale, diffuse, and slow activities of complex network
structures.’® More detailed brain investigations could also ben-
efit from newly emerging wireless implantable neural recording.?°
Finally, high throughput supercomputers and computer simulation
techniques would be required to deal with huge amounts of data
(i.e., Big Data),?! collected at multiple levels of analysis. Big data su-
percomputers are utilized to detect patterns of significance in var-
ious types of input data. We will provide additional considerations
on the use of these techniques in the next section, showing how
they could enable systematic investigations of molecular, cellular
and circuit-level landscapes of the primate brain across typical and
atypical development.22'23

The focus of the remaining part of this article relates to the prac-
tical and ethical aspects of primate experimentation. Monitoring
the emergence of cognitive functions in NHPs requires both prac-
tical and ethical changes in primate experimentation. Novel housing
structures and technologies are needed for scientists to perform,
over the developmental lifespan of primates, large-scale genetic,
epigenetic and metabolite screens, to interrogate complex circuit-
level dynamics, assess basic cognitive abilities, measure neurodevel-
opmental processes, track the behavior of the target individuals and
of the social niche that surrounds them and that they interact with.
These changes could have interesting implications for primate wel-
fare. In the next sections, we make concrete proposals on how these

desiderata could be implemented.

4 | THE OPEN NICHE OF PRIMATE
EXPERIMENTATION

The investigation of molecules, neural circuitry and behavior in
NHP populations would need novel structures and technologies for
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primate experimentation. Crucially, these structures must be in line
with new standards for primate welfare. The scientific community
and the general public are determined to provide improved condi-
tions for NHP individuals participating in cognitive neuroscience re-
search. We think that these desiderata can be satisfied both at the
methodological and ethical level.

We think that it is possible to establish wild-like environments
for target populations of NHPs that allow free movement. In turn
these conditions could allow scientists to inquire into cognitive
phenomena and neurobiological correlates which are common to
the primate order. In other words, the investigation of cognitive
functions through collection of data at different levels of analyses
in free-moving primate groups may serve both scientific and ethical
purposes.

With the objective of maximizing the feasibility and the potential
benefits of conducting brain research through the RDoC guidelines
in NHPs, our proposal is to construct a niche allowing non-invasive
or minimally invasive experimentation on target species of monkeys.
This niche for primate experimentation could make use of primate
natural parks with a combination of indoor and outdoor spaces. We
briefly describe the infrastructures and technologies underlie this

proposal below.

4.1 | Primate natural parks

Primate natural parks are park-like enclosed spaces for hosting tar-
get species of NHPs. NHP populations hosted in these parks could
mimic natural populations living in the wild, while allowing scientists
to conduct multi-level investigations, from an ecological and longitu-
dinal perspective. These spaces would contain both indoor and out-
door research infrastructures. The indoor enclosure would be fitted
with neuroimaging and neural recording technologies, system genet-
ics instrumentation and other tools adapted for cognitive-behavioral
experiments.

The natural parks would also contain appropriated lab spaces,
furnished with sets of novel technologies, chosen in line with the re-
search questions and ethical considerations. For example, recording
of neuronal activity in these labs can be conducted through brain
imaging techniques, or with chronic electrode implants, which have
completely different impacts on primate weII-being.24 Detailed dis-
cussions at the scientific and ethical levels are required to assess
what research strategies and types of technologies can be combined
for conducting primate mental research in an efficient way and with
appropriate welfare conditions.

The outdoor space would be adapted to the hosted species of
NHPs and adjusted to the ecological needs of the target natural-
like populations of primates. There are already examples of natu-
ral parks. Some examples of nature labs for NHPs can be found in
the indoor-outdoor environment of the National Primate Research
Center of Thailand. This is a zoo where visitors can see and interact
with different species of primates. These infrastructures also house
indoor research stations, where different types of experiments are

conducted. The outdoor spaces are further endowed with cameras
to record behavioral variables of the groups of primates hosted.

NHP living in naturalistic settings may further offer the possi-
bility of inquiring into the range of naturally occurring dysfunctions
in NHPs. Specifically, through focus observations and testing of
NHP socio-cognitive behaviors, it may be possible to detect inter-
individual variability that is potentially predictive or reminiscent of
human disease vulnerability (for a concrete example see Ref. [25]).
The neurobiological mechanisms behind interindividual behavioral
variability would constitute a valuable source of information for neu-
ropsychiatric research.?%?”

Another advantage of primate natural parks is that primates do
not have to be transported for long distances, housed in facilities
(e.g. where they live in restricted spaces, isolated cages, and artificial
environments), and subjected to laboratory conditions. This reverses
the logic of classical lab experimentation. Currently, most brain re-
search is conducted in the lab, where animals are generally housed
in cages and live in socially isolated spaces, in order to provide con-
trolled conditions in which experiments and measurements can be
performed. In contrast, in research in natural labs, it is the scientists,

and not animals, that move.

4.2 | Hotel space and remote technologies

The establishment of natural parks would require what has been
called ‘hotel space’. These are housing structures, where visiting
researchers can spend time while carrying out experiments with
primate individuals housed in the indoor-outdoor spaces of natural
parks.

The hotel space would need to utilize telecommuting approaches
to storing the data collected during animal experimentation, to an-
alyze, and in some cases share data collected on site.® The hotel
space would need to be endowed with remote technologies, such
as the Internet of Things (i.e. a new paradigm in modern wireless
telecommunication), that would allow the storage and transfer of
information in real time,?® IT based knowledge management (i.e.
an information technology system to enhance and organize knowl-

edge),”’

and cloud-based big data processing for allowing cost-
efficient exploration for voluminous data sets.??

For countries that are far from NHP natural habitats establish-
ing primate natural parks may be difficult, but the existence of hotel
spaces close to these parks could potentially offer unlimited possi-
bilities for studying NHPs on site. The benefits deriving from these
structures could thus be shared through different partners.

Establishing hotel spaces would be necessary for scientists
who want to work with NHPs but are at an institute that lacks the
resources (Landmann quoted by Vivien Marx, 2016; http://blogs.
nature.com/methagora/). In addition, the new technologies, such
as Internet of Things and Remote Lab, could also allow data moni-
toring and data processing in research centers that are geograph-
ically far from the place where primates are located. Obviously,
this also means that agreements about cross-border collaboration,
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data sharing, data security and intellectual property must be put
in place (Iriki quoted by Vivien Marx, 2016; http://blogs.nature.
com/methagora/).

The rational of the hotel space and remote lab is also appeal-
ing for investigating the number of NHP populations living wild or
semi-wild in countries such as Japan, Singapore or anywhere close
to the primates' natural habitat. In Japan, for example, several mon-
key parks are spread throughout the territory and are open to visi-
tors. In Singapore, although not specifically for primates, there are
many safari parks where animals live in wild-like environments and
are managed by caretakers under international standards of animal
welfare. These animals could constitute a further source for study-
ing inter-individual variability at the behavioral level, and analyzing
various biological samples (e.g. from the feces to the blood or the

buccal mucosa).

5 | COST AND BENEFITS TRADE-OFFS OF
PRIMATE EXPERIMENTATION

Conducting primate experimentation through the establishment of
natural parks, remote technologies and hotel spaces for scientists
working on site is clearly an ambitious and visionary enterprise.
However, it could give short- and long-term benefits, by minimizing
both ethical and scientific concerns, and could probably achieve bal-
anced financial funding.

Firstly, the methodological integration described above could
have advantages for primate welfare. NHPs living in a naturalistic en-
vironment would benefit from conditions that are normally associated
with animals living in the wild, in terms of space to move about freely
and availability of social interactions. Thus, from a strict primate wel-
fare perspective, housing NHPs in natural parks would alleviate the
conditions that primate research subjects currently experience during
neurobiological research, such as being confined alone in cages.

Although this proposal would be suitable only for cognitive
ethology and cognitive neurobiology research, which utilizes about
the 19% of the total of NHPs used in research,%C its potential ben-
efits should not be underestimated. In fact, according to the latest
report available, a consistent number of primates are held by fa-
cilities but not used in any experimental protocols.31 Our proposal
would avoid NHPs being housed in facilities for behavioral and neu-
robiological research, thereby enduring artificial and socially iso-
lated living conditions without contributing to scientific discovery.

We also mention, but do not argue for, another aspect. Large-
scale molecular and behavioral investigations of populations through
the establishment of hotel spaces close to primate populations liv-
ing wild or semi-wild could also be useful for tracking the danger
of extinction in primate species, their levels of distress and other
indicators of wellness.

Sudden aberrations in ecosystem are well documented, as a
result of which wild populations of NHPs become increasingly sus-
ceptible to stochastic genetic, demographic changes, new infectious
diseases and destructive infestations of invasive insects. Monitoring

these changes may have positive influences on the enterprises asso-
ciated with wildlife conservation and protection against extinction
risks. Further, it may help to track changes that might in turn endan-
ger humans through processes of zoonosis.*?

Itis also worth noting that this proposal is in accordance with cur-
rent ethical frameworks, i.e. the ‘3Rs’, which promote the search for
alternatives and serve as the cornerstone for ethical guidelines in ani-
mal research. The 3Rs' set out three goals for experimenters: replace-
ment of animals by alternative methods; reduction of their numbers
by means of statistical techniques; and refinement of the experiment
so as to cause less suffering.33 More specifically, this proposal is in
line with the goal of refinement, which not only aims to avoid or mini-
mize pain or adverse effects, but also to maximize well-being, through
the implementation of environmental enrichment and the promotion
of positive elements of welfare, such as comfort and security.34

Natural parks for primate experimentation may also be associ-
ated with economic and practical advantages. Besides being sub-
jected to protests from animal activists, some traditional primate
facilities have high running costs due to the expense of animal man-
agement and employing qualified personnel. In contrast, natural
parks could balance the economic costs by generating income from
research centers worldwide (which aim to send researchers to study
and collect data on NHPs) by providing zoo/safari type experiences
for visitors and through educational programs.

Countries endowed with natural habitats for NHPs, such as
Japan, India, Sri Lanka or Singapore, have witnessed increasing de-
grees of conflict between humans and feral monkeys over the last
several decades.>®> NHPs become pests when they seek to obtain
food and water near human habitation. Artificial feeding leads to
changes in monkey behavior, and in population ecology by causing
overpopulation of relatively aggressive monkeys. The solutions that
some countries have adopted, such as killing, sterilizing or translo-
cating monkeys, are mostly unfeasible for ethical, practical and eco-
nomic reasons. On the one hand, killing a large number of animals is
considered unethical according to the welfare regulation of several
countries, while on the other hand sterilization and translocation
practices are expensive and very laborious, because they require
specialized personnel and long-term commitment.®

To sum up, natural parks for primate experimentation may be
beneficial from both a methodological and ethical perspective and
in particular may (1) enhance scientific validity, by providing a more
suitable animal model for the study of mental functions and psy-
chiatric disorders that can be translated into effective therapies, (2)
provide naturalistic wild-like environments for NHPs, and avoid their
translocation to different countries, and (3) allow data collection
that can benefit primate conservation, and help control of risks from
human-animal interactions.

6 | CONCLUDING REMARKS

In this paper, we have proposed that research on free-moving pop-
ulations of primates (conducted in parallel with human and rodent
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experimentation) can provide key mechanistic information that can
be generalized to explain and understand human cognitive func-
tions. Recent advances in neural and molecular tools can be com-
bined to investigate primate behavior and psychology, and their
neurobiological underpinnings. These tools might include system
genetics tools, experimental and statistical methods to quantitate
phenotypes, and techniques for neuroimaging, electrophysiology
and wireless neural recordings.

We have given examples of infrastructures (i.e. natural parks
and hotel spaces) and technologies (e.g. remote labs, Internet of
Things, cloud-based Big Data processing) that could be used to
conduct primate experimentation in a way that can enrich primate
welfare. We have proposed natural parks that allow target popu-
lations of some primate species to live in a more ecological setting
with free movement and socially enriched spaces. Our proposal
can be interpreted as offering a new mind-set for primate neuro-
cognitive research, constituting an interdisciplinary effort to un-
derstand the mechanisms systemically operating in the brain and
body of primate models, which could have important implications
for the way we use primates in the field of neuroscience and neu-
ropsychiatry research.

The establishment of primate natural parks for primate cognitive
experimentation is in accordance with current ethical frameworks (i.e.
the ‘3Rs’). However, it also subtly incentivizes an enrichment of cur-
rent understanding of animal ethics. That is, the open field of primate
cognitive research can provide a new perspective on animal ethics:
some animal species have the potential to live and/or interact collab-
oratively with humans, and this can affect the relationship we can es-
tablish with these animal species and the value we assign to them.3¢
Thus, beyond the protection of primates according to their capacity to
experience pain (in accordance with existing regulations), this research
approach could be used to harmonize human and NHP interests.

To apply this new mind-set to primate mental research and im-
plement connected investigative practices would require the estab-
lishment of updated ethical guidelines, which could lead on the one
hand to developing new rules for NHP experimentation, and on the
other hand to new guidelines for collaboration between research
centers, laboratories and researchers. Although the aim of this man-
uscript is not to propose these guidelines, but to advance the gen-
eral proposal, we hope that this perspective can constitute a starting
point for future discussion.
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