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P S R N

Abstract: The high incidence of psychopathologies recorded in today's human society, correlated
with the high percentages of biodiversity loss, point to the need for an interdisciplinary approach
of the scientific fields under study — Neurosciences and Biodiversity Conservation. Thus, our
approach here presents, in a synergistic manner, the significant correlation between mental health
and the increased values of biodiversity in the ecosystems located in the immediate vicinity,
especially those located in the middle of cities. Our approach aims to emphasize the importance of
biodiversity conservation in the context of preserving mental health and general well-being. There
are a series of recent experimental demonstrations that outline the influence of natural elements on
the human psyche and implicitly the effects of nature in the prevention and reduction of stress,
anxiety and depression. And beyond the cognitive barriers of humanity in relating to the
surrounding biodiversity must lie the desire to know the values of biodiversity and the absolute
importance of its conservation. The sustainable relationship between man and living nature, seen
as a complex of biodiversity, is dealt with by a branch of science called Human Ecology. Therefore,
this study emphasizes the crucial need to know and respect the connection between man and nature,
based, since time immemorial, on biophilia. And with the regression of ignorance and the correlated
approach of several scientific fields, some at the intersection of humanities and natural sciences, one
can observe the progress of preserving the dynamic balance within the ecosystems and implicitly
the preservation of mental health and human well-being.
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1. Introduction

The point of convergence of the two distinct scientific fields — which our analysis of previously
published studies approaches in an interdisciplinary manner — biodiversity and neurosciences, can
be found in the notion called biophilia, denoting the impulse to affiliate with other forms of life. The
innate tendency of human beings to focus their interest on life and vital processes is a scientific
hypothesis attributed to adaptive learning in phylogeny, characterized by fascination and
asymmetric empathy. [1] The term biodiversity encompasses all the organisms present in the various
living environments, including terrestrial, marine, and other types of ecosystems associated with the
ecological complexes of which they are a part. [2] An ecosystem represents a complex group of
dynamic organisms that function as a unitary whole. The mosaic of ecosystems, the species that live
in various habitats and the genetic variability within each population synergistically define the notion
of biodiversity. [3] In reference to human health, and particularly to mental health, the relationship
between biodiversity and neurosciences can be highlighted by the occurrence of psychopathologies
in the situations where biodiversity decreases, but also by the high quality of life lived in urban
environments with high rates of biodiversity. The acronym NCP (Nature's Contribution to People)
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describes ecosystem services, that is the direct and indirect contributions of nature to human
existence and well-being. Ecosystem services include supply, regulation and cultural services,
therefore the human being is in permanent dependence on the natural environment in which it lives,
being in a privileged position, even "on the shoulders of nature".[4] This study emphasizes the need
to understand the mutualistic relationship between mental health associated to human well-being
and the constant need to conserve and protect the biodiversity of the surrounding environments.
Therefore, in the following sections we shall explain how the relationship between the aesthetic value
of landscapes and biodiversity has scientific relevance in the context of human health, but also in the
context of conservation biology.

Also Figure 1, presents a basic representation of the interdisciplinary study, including the basic
notions and the connections between them. One can observe the links between the fields studied, the
complexity of the interaction generated by the high values of biodiversity related to the importance
of the mental health of contemporary man. The aesthetic function of ecosystems takes various forms
due to the abundance of species that compose it, and in its turn the ecosystem serves as a "protective
umbrella”" against psychopathologies that are increasingly present in today's society. Note that
therapy in nature, based on biophilia, may represent a means of psychological rehabilitation.

The aesthetic value of
-‘ Mental health

landscapes

The wealth of species, habitats, h‘ Therapy in nature, biophilia, the

ecosystems holobiont

Figure 1. Schematic representation of the interdisciplinary study, including the basic notions and the
connections between them.

2. High biodiversity - a defining factor of human well-being

Viewed from the perspective of biophilic theories, biodiversity, perceived by most people in the
form of landscape aesthetics, actually represents a direct source of health, due to the emotional
affinity of humanity towards the rest of living organisms.[5] However, a prospective analysis of
recorded data is needed in order to understand the correlation between biodiversity and mental
health.[6] The reason is that people's perception depends on several external factors, such as cultural
factors and religion, the urban or rural environment in which the subjects have lived, but also the
idealistic preconception of a compact nature, viewed as a landscape rather than as a dynamic complex
of habitats that are biologically diverse.[7]

Regarding the significant correlation between human well-being and biodiversity, a number of
emotional changes were identified following exposure to green spaces with a high biodiversity: stress
reduction, improvement of cognitive function (including memory and attention capacity),
considerable increase of social interaction, improving academic abilities and self-esteem, as well as
increased creativity, inspired by natural settings. [8] Short-term exposure to forests, urban parks,
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gardens and other natural environments reduces stress and depressive symptoms, reduces fatigue
and increases the ability to focus attention, increases positive emotions, and engenders an optimistic
mood. [9] There are important studies that analyze the positive effects of biodiversity on human well-
being, studies focussing on humans' interactions with green spaces in their immediate vicinity or
even in the middle of cities. It has been shown that various natural settings can generate distinct
psychological restoration effects, but the relationship between biodiversity levels and the feeling of
well-being is still ambiguous and controversial. At the same time, it is necessary to investigate the
mechanisms underlying the relationship between the richness of biodiversity and the positive
psychological responses, as well as the categories of moderators of the relationship described
previously. [10] Another approach, One Health, correlates the beauty of nature and the connections
that can be made with it, using an experimental study involving 30 days in the wilderness. It was
established later, following the study, that there is a correlation between the beauty of nature and the
feeling of well-being, a correlation based predominantly on the human sensitivity towards the beauty
of natural settings. [11] Regarding the perception of biodiversity, the ability to identify component
species in natural intra-urban ecosystems and the relationships between biodiversity and well-being,
there is a link between the feeling of well-being and the level of biodiversity provided by green spaces
in cities: positive emotions and even recovery after mental fatigue result from the interaction. [12]

Such new assessments of exposure and response to environmental factors are essential for
understanding biodiversity-based therapies and for informing environmental policies that seek to
maintain and develop nature that is beneficial to human health inside and outside urban areas, such
as solutions based on wildlife and green infrastructure. [13]

3. Holobiont - the defining link between intra-urban biodiversity and human health (in the
broad sense)

For the correct approach to this type of scientific concept, the symbiosis between organisms must
be seen as a source of evolutionary innovation, and ecosystem services must also be understood
down to the level of the microbiota in the living environment.

The notion of holobiont means both the host and its microbiota, which together constitute the
metagenome subjected to the pressure of natural selection. [14]

The bidirectional MGB axis (microbiota-intestine-brain axis) represents the direct
communication between the brain and the gut microbiota, and preclinical studies have shown that
dysbiosis is a factor of interest in anxiety, stress and mood disorders. [15]

It is known that people who live in cities or urbanized areas with increased biodiversity get sick
less often than those who live in the big urban metropolises of the Globe, and the explanation is
simple: the presence of natural settings, of the most diverse green spaces gives them a high immunity
and a state of well-being that supports this immunity. [16]

4. Biodiversity and mental health

In order to be able to express the importance of biodiversity for the preservation of mental health
but also for the prevention of psychopathologies, we shall use the concept of nature experience, which
describes the perception of each individual in relation to the natural environment that surrounds
him/her.[17] This space may be an urban garden or a park, a mountain trail in a nature reserve, or
any other natural setting in which the subject connects directly — by means of the SNS (somatic
nervous system), which integrates the body into the living environment — to the surrounding nature,
which basically includes the biodiversity of the habitats perceived with the help of the sensory organs
(visual, auditory, gustatory, olfactory, tactile, etc.). The perceptions of the sensory organs can be
based either on reality or on experimental simulations (e.g. using photographs or even virtual reality).
[18] Humans are multisensorial beings, and multiple studies demonstrate the fact that the senses are
interdependent, informing each other about stimuli from the external environment. [19,20] Regarding
the visual sense, research has shown that viewing even a small number of indoor plants can increase
pain tolerance. [21] Similarly, looking out the window upon green spaces in the vicinity is used for
patients in the hospital environment as a means of recovery, as this reduces perceived pain and
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engenders a state of well-being [22,23]. The visual means through which emotional well-being is
restored are based on two theories with evolutionary origins. The first is the theory of stress
reduction, also known as the psychoevolutionary theory formulated by Ulrich, strongly associated
with biophilia.[24] The second theory is the attention restoration theory, which claims that people
focus better after spending time in nature or visualizing natural settings.[25] About the auditory
sense, it is claimed that there is a neurological correlation between it and the visual sense.[26,27]
Sounds are context-dependent, from which it follows that the seasons, for example, can shape
perceptions.[28,29] The neurobiological theory states that interactions between individuals and their
living environments have an impact on brain activity, enriching motor and sensory perceptions.[30]

Specialized studies conducted on the topic of the correlated link between biodiversity and
mental health estimate a reduction in anxiety, depression and chronic stress relative to high values
of biological diversity.[31] Another notable example is the one that uses, in an experimental study,
smartphones to monitor the well-being of the participants, in real time; the results point out that even
short-term exposure to natural elements has important beneficial effects on mental well-being, and
that the lasting impact of the well-installed condition can be detected already a few hours after
exposure to the elements of nature.[32]

The concept of neurodiversity describes the normal differences of the human brain that
determine the characteristic ethology, related to the environmental conditions with which each
individual interacts. In the following paragraphs we shall present some clear examples of individuals
with symptoms of ADHD (attention deficit hyperactivity disorder) and autism who, after interacting
with elements of the surrounding nature, modify their perceptions of the living environment.

Worldwide, there is an estimate that approximately 7.2% of children suffer from attention deficit
hyperactivity disorder [33]. A number of studies attest to the fact that exposure to the natural
environment may have protective effects against ADHD or may moderate the intensity of this
psychopathology in the case of children. [34-36]

Another study, carried out in New Zealand, demonstrates that the rural environment and an
increase in the area of green spaces in the community were strongly and independently associated
with reduced risk of ADHD among children, and that these elements of the natural environment
could provide the highest rate of success in disease prevention.[37]

Another pilot study, based on the therapeutic effects of gardening, presents the potential of
caring for local biodiversity as part of the therapy of a target group of young people with autism. A
significant improvement of the effectiveness of the rehabilitation objectives in patients with
neuropsychiatric conditions is noted here, especially the improvement of social skills and
interpersonal relations[38]

5. Dramatic loss of biodiversity and the emergence of psychopathologies

The consequences of the loss of biodiversity are, at present, a real reason for concern also from
the point of view of the occurrence of psychopathologies among the human population. Along with
the reduction of ecological integrity, the depletion of habitats and the drastic climate change, the
states of anxiety, frustration and depression have also increased.[39] Sometimes climate change
resulted in mass migration phenomena, which demonstrated, at the same time, the adaptability and
ethological changes that occurred in the case of these human populations. There are intersections
between global climate change and mental health that have long been underappreciated. However,
they can affect mental health in direct ways, such as the effects of natural disasters and extreme
weather events (heatwaves, floods, drought, etc.) but also indirectly, such as the increase in the
migration rate and the existential inequity related to the standard of living.[40] The vulnerability of
habitats and the rapid extinction of the component species are caused by industrialization,
urbanization, but also by mankind's ignorance, which is why it is imperative to promote conservation
biology, not just mental health, since an interdisciplinary approach can act synergistically to improve
the relationship between man and the surrounding nature.

Wild intra-urban nature could be the saving solution for the concrete implementation of the
principle of sustainable development, in the context of crowded and industrialized cities. This aspect
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involves an interconnected approach between the intelligent use of land, ecosystem services and
urban design in order to reconnect people with the natural environments in their immediate vicinity,
with wild nature being seen as a corridor of biodiversity in the heart of the city. Any interaction with
wild nature, inside the city, once it has become a routine activity, is sufficient to ensure well-being
and promote mental health, while maintaining a high degree of urban biodiversity. Therefore, at the
level of urban infrastructure, the implementation of green spaces is not enough when it comes to
human well-being and implicitly mental health, and we must resort to the aesthetic values of living,
biodiverse ecosystems. [41]

6. Perspectives for the future

Current research has demonstrated the fact that humanity adapts relatively slowly to climate
change caused by ecological disasters, themselves attributable to human activity. Therefore, the
accelerated loss of habitats that leads to the extinction of many species could cause a substantial
reduction in people's resistance to major environmental stressors. Since 2007, studies focused on this
issue of human mental health positioned in the context of biodiversity loss have demonstrated the
existence of a form of suffering, in principle of an emotional nature, due to the awareness that
contemporary humanity is facing drastic changes in the ecology of global bioclimatic zones. The so-
called psychoterratic syndromes, which also include echo-anxiety or solastalgia, are such forms of
suffering.[42] Basically, through these manifestations attributed to ecological anxiety, the future of
the following generations is questioned, in the context where the concept of sustainable development
often remains only a theoretical concept, difficult to apply in the everyday life of modern man.
Ecopsychology is a scientific field consisting of numerous perspective categories that coexist and act
synergistically, such as human ecology, psychology, philosophy and spirituality, as well as
conservation biology viewed from the aspect of responsible environmental activism.[43]

According to Alexandru N. Stermin, human ecology is the science that explores the dance
between man and Nature, the manner in which, over time, Nature has shaped man and man has
shaped Nature. Nowadays, human ecology is the horizon and the potential source for solutions for
restoring our relationship with Nature and becoming friends with it. [44]

Human ecology was born at the intersection of humanistic and natural sciences, with the aim of
emphasizing the coevolutionary relations between human society throughout its existence and its
living environments, which are in continuous change. As an interdisciplinary field, it works in
scientific symbiosis with other branches of biology, ecology, physics, medicine, anthropology, etc.[45]
Another discipline related to human ecology is ecosociology, which places Homo sapiens sapiens at the
top of the food chain, as a superior being from the point of view of its characteristic ethology and
sociability. Human ecology tries to restore the ancestral links between man and nature, emphasizing
the importance of grounded knowledge of the ecosystem services that improve our existence on
Earth. The concept of ecopsychology is used in a similar sense, which strategically points out the
imperative need for therapy in nature and at the same time the need to preserve biological diversity
and to promote concretely sustainable development aimed at ensuring the well-being and existential
stability of future generations.[46]

The aspect most worthy of being taken into account emerging from our analyses carried out
from an interdisciplinary perspective is the fact that these far-reaching scientific fields — newly
described in order to explain the speed of degeneration of the human psyche together with the
reduction or even loss of biodiversity, under the effect of various stressors, especially ecological ones
- require enhancements in the context of clarifying the convergence of notions and phenomena
described previously. It will not be long, however, until scientific progress will explain more precisely
whatever the experimental models and the hypotheses presented above have demonstrated so far.
Our study emphasizes the need to expand these analyses and at the same time aims to expand the
way in which most people relate to the surrounding natural settings.

In the Figure 2, we are presenting the complex forms of relationship that can be found between
the elements that make up the term biodiversity, viewed as a whole, of which we recall the richness
and abundance of species, the functional features of species alongside their structural, ecosystemic
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and genetic diversity and the preservation of mental health. Thus, in this bilateral communication
relationship, nature, which consists of the surrounding biodiversity, receives the role of transmitter
of well-being, while the human community, integrated in the living environment, receives the
transmitted message.

Transmitter Receiver

Community Individual

. community ecol - . Functional ecology - neuro-aesthetics

psychology
@)

W

soci%/l]ogy I[TP
¥ g ¢

Figure 2. The interdisciplinary link between biodiversity and neuroscience.
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Figure 3 also depicts in a synthetic manner the significant interdisciplinary aspects, based on
two distinct studies [23], [47]. The chart related to the natural settings shows in percentage values the
fact that a landscape with a high species richness is much more complex, both from an ecological
point of view and from the point of view of the aesthetics perceived by the human brain. Meanwhile,
the chart related to psychopathologies shows the percentages by which they are diminished when
the subjects are exposed to experiences in nature. Thus we did tried to make a connection between
the two studies in order to emphasize the importance of biodiversity in the context of prevention and
mitigation of psychopathologies that occur increasingly more often in today's human society.

Natural setting ‘\'amr. of pathology
les
. With high biodrversity Wocpression

Anxicty

[ With low biodiversity

Figure 3. The interdisciplinary link between Biodiversity, the aesthetic value of landscapes with high
biological diversity (expressed in percentages), and the percentage values of the reduction of
psychopathologies in relation to increased values of the surrounding biodiversity [23], [47].

There of course several limitations to our approach here. The most important is related to the
general lack of studies in this area. Of course, characterizing some quite heterogenous
neuropsychiatric disorders in the context of the biodiversity makes things even more complicated
and topic a little too broad to approach in a short opinion piece. However, we do consider that it is
important to raise awareness on this important matter, and we do hope that our report will that
successfully.
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7. Conclusions

An interdisciplinary approach is needed for the significant correlation between Neurosciences
and Biodiversity Conservation to be understood thoroughly within today's human society. Thus, at
the crossroads between the multiple scientific disciplines that our study mentions, we find the desire
to emphasize the correct understanding of the overwhelming role that biodiversity has in the context
of people's mental health. So far, data have been presented regarding the need to integrate
biodiversity, as unspoiled as possible, in urban spaces. These statistical data are based both on
experiments using virtual reality and in vivo experiments testing the effects of natural settings on the
human psyche. Based on biophilia and on the ability to adapt along the phylogeny, all the sciences
related to human ecology emphasize the crucial need for interdisciplinary knowledge of the
complexity of biological diversity and of neurosciences. Our study also wishes to emphasize the need
to expand interdisciplinary studies that aim to present the direct link between high biodiversity and
mental health, but also the psychosocial balance of contemporary humans, mitigating
psychopathologies and aiming at prophylaxis in the case of psychopathologies, simultaneously with
the preservation of many ecosystems and habitats prone to mass extinction.

References

1. Wilson, Edward O. (1984). Biophilia. Cambridge, MA: Harvard University Press. ISBN 0-674-07442-4.

2. Millennium Ecosystem Assessment Team. Ecosystems and Human Well-Being: Synthesis. Island Press,

2005 (https://www. millenniumassessment.org/documents/document.356.aspx.pdf).

Magurran AE. Q&A: What is biodiversity? BMC Biology 2010; 8: 145.

4. ANNE SVERDRUP-THYGESON, TAPESTRIES OF LIFE: Uncovering the Lifesaving Secrets of the Natural
World; 2022,

5. World Health Organization Regional Office for Europe. Ottawa Charter for Health Promotion, 1986 (No.
WHO/EURO: 1986-4044-43803-61677). WHO Regional Office for Europe, 1986

6. Lovell R, Wheeler BW, Higgins SL, Irvine KN, Depledge MH. A systematic review of the health and well-
being benefits of biodiverse environments. ] Toxicol Environ Health B Crit Rev 2014; 17(1): 1-20.

7. Dinerstein E, Vynne C, Sala E, Joshi AR, Fernando S, Lovejoy TE, et al A global deal for nature: guiding
principles, milestones, and targets. Sci Adv 2019; 5(4): eaaw2869

8. Markevych I, Schoierer J, Hartig T, Chudnovsky A, Hystad P, Dzhambov AM, et al Exploring pathways
linking greenspace to health: theoretical and methodological guidance. Environ Res 2017; 158: 301-17

9. Leel, Choi H, Bang KS, et al. . Effects of forest therapy on depressive symptoms among adults: a systematic
review. Int ] Environ Res Public Health 2017;14:321.

10. Giuseppe Carrus , Massimiliano Scopelliti , Raffaele Lafortezza , Giuseppe Colangelo , Francesco Ferrini ,
Fabio Salbitano , Mariagrazia Agrimi, Luigi Portoghesi , Paolo Semenzato , Giovanni Sanesi, Go greener,
feel better? The positive effects of biodiversity on the well-being of individuals visiting urban and peri-
urban green areas, Landscape and Urban Planning Volume 134, February 2015, Pages 221-228

11. Miles Richardson and Kirsten McEwan, 30 Days Wild and the Relationships Between Engagement With
Nature’s Beauty, Nature Connectedness and Well-Being, Front. Psychol., 03 September 2018 Sec.
Environmental Psychology Volume 9 - 2018

12.  Martin Dallimer, Katherine N. Irvine, Andrew M. J. Skinner, Zoe G. Davies, James R. Rouquette, Lorraine
L. Maltby, Philip H. Warren, Paul R. Armsworth, Kevin J. Gaston, Biodiversity and the Feel-Good Factor:
Understanding Associations between Self-Reported Human Well-being and Species Richness, BioScience,
Volume 62, Issue 1, January 2012, Pages 47-55

13. Flies EJ, Skelly C, Negi SS, et al. . Biodiverse green spaces: a prescription for global urban health. Front Ecol
Environ 2017;15:510-6.

14. Turnbaugh, P. ], Ley, R. E.,, Hamady, M., Fraser-Liggett, C. M., Knight, R., and Gordon, J. I. (2007). The
human microbiome project. Nature 449, 804-810. doi: 10.1038/nature06244

15. Foster JA, and McVey Neufeld K-A. (2013). Gut-brain axis: How the microbiome influences anxiety and
depression. Trends Neurosci 36, 305-312

16. Brindley, P., Jorgensen, A., and Maheswaran, R. (2018). Domestic gardens and self-reported health: a
national population study. Int. J. Health Geogr. 17:31. doi: 10.1186/s12942-018-0148-6

17. Bratman GN, Anderson CB, Berman MG, Cochran B, Vries S, Flanders J, et al Nature and mental health: an
ecosystem service perspective. Sci Adv 2019; 5(7): eaax0903.

18. Bor, D., Rothen, N., Schwartzman, D. ], Clayton, S., & Seth, A. K. (2014). Adults can be trained to acquire
synesthetic experiences. Scientific Reports, 4 (7089), 1-8.

19. Nair, A., & Brang, D. (2019). Inducing synesthesia in non-synesthetes: Shortterm visual deprivation
facilitates auditory-evoked visual percepts. Consciousness and Cognition, 70, 70-79.

@


https://doi.org/10.20944/preprints202307.1722.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 July 2023 doi:10.20944/preprints202307.1722.v1

20. Lohr, V.1, & Pearson-Mims, C. H. (2000). Physical discomfort may be reduced in the presence of interior
plants. International Human Issues in Horticulture, 10(1), 53-58.

21. Raanaas, R. K, Patil, G. G., & Hartig, T. (2012). Health benefits of a view of nature through the window: A
quasi-experimental study of patients in a residential rehabilitation center. Clinical Rehabilitation, 26(1), 21—
32.

22.  Kaplan, R. (2001). The nature of the view from home: Psychological benefits. Environment and Behavior,
33(4), 507-542.

23. Ulrich, R, Simons, R., Losito, B., Fiorito, E., Miles, M., & Zelson, M. (1991). Stress recovery during exposure
to natural and urban environments. Journal of Environmental Psychology, 11(3), 201-230.

24. Ratcliffe, E., & Korpela, K. M. (2016). Memory and place attachment as predictors of imagined restorative
perceptions of favourite places. Journal of Environmental Psychology, 48, 120-130.

25. Kang, J., Aletta, F., Gjestland, T., Brown, L., Botteldooren, D., Schulte-Fortkamp, B., Lercher, P., van Kamp,
I, Genuit, K., Fiebig, A., Bento Coelho, J. L., Maffei, L., & Lavia, L. (2016). Ten questions on the
soundscapes of the built environment. Building and Environment, 108, 284-294.

26. Matos Wunderlich, F. (2013). Place-temporality and urban place-rhythms in urban analysis and design: An
aesthetic akin to music. Journal of Urban Design, 18(3), 383—408.

27. Marselle, M. R, Irvine, K. N., Lorenzo-Arribas, A., & Warber, S. L. (2014). Moving beyond green:
Exploring the relationship of environment type and indicators of perceived environmental quality on
emotional well-being following group walks. International Journal of Environmental Research and Public
Health, 12(1), 106-130.

28. Ratcliffe, E., Gatersleben, B., & Sowden, P. T. (2013). Bird sounds and their contributions to perceived
attention restoration and stress recovery. Journal of Environmental Psychology, 36, 221-228.

29. Hannan, A.]. (2014). Environmental enrichment and brain repair: Harnessing the therapeutic effects of
cognitive stimulation and physical activity to enhance experience-dependent plasticity. Neuropathology
and Applied Neurobiology, 40(1), 13-25.

30. Kihn, S., Duizel, S., Eibich, P., Krekel, C., Wiistemann, H., Kolbe, J., Martensson, J., Goebel, ]J., Gallinat, J.,
Wagner, G. G, & Lindenberger, U. (2017). In search of features that constitute an “enriched environment”
in humans: Associations between geographical properties and brain structure. Scientific Reports, 7(11920),
1-8.

31. Cox DTC, Shanahan DF, Hudson HL, Plummer KE, Siriwardena GM, Fuller RA, et al Doses of
neighborhood nature: the benefits for mental health of living with nature. BioScience 2017; 67: 147-55.

32. Bakolis, I, Hammoud, R., Smythe, M., Gibbons, ]., Davidson, N., Tognin, S., & Mechelli, A. (2018). Urban
mind: Using smartphone technologies to investigate the impact of nature on mental well-being in real time.
Bioscience, 68(2), 134-145.

33. R Thomas, S Sanders, ] Doust, E Beller, P Glasziou Prevalence of attention-deficit/hyperactivity disorder: a
systematic review and meta-analysis Pediatrics, 135 (2015), pp. €994-e1001

34. A Faber Taylor, FEM Kuo Could Exposure to Everyday Green Spaces Help Treat ADHD? Evidence from
Children's Play Settings Appl Psychol Health Well Being, 3 (2011), pp. 281-303

35. FE Kuo, A Faber Taylor A potential natural treatment for attention-deficit/hyperactivity disorder: evidence
from a national study Am ] Public Health, 94 (2004), pp. 1580-1586

36. AE van den Berg, CG van den Berg A comparison of children with ADHD in a natural and built setting
Child Care Health Dev, 37 (2011), pp. 430-439

37. Geoffrey H Donovan PhD , Yvonne L Michael ScD , Demetrios Gatziolis PhD , Andrea 't Mannetje PhD ,
Prof Jeroen Douwes PhD Association between exposure to the natural environment, rurality, and attention-
deficit hyperactivity disorder in children in New Zealand: a linkage study, The Lancet Planetary Health
Volume 3, Issue 5, May 2019, Pages e226-e234

38. Andrea Scartazza , Maria Luisa Mancini , Simona Proietti , Stefania Moscatello , Claudia Mattioni , Federica
Costantini , Daniela Di Baccio , Fiorella Villani , Angelo Massacci, Caring local biodiversity in a healing
garden: Therapeutic benefits in young subjects with autism, Urban Forestry & Urban Greening, Volume
47, January 2020, 126511

39. Cianconi P, Hanife B, Grillo F, Zhang K, Janiri L. Human responses and adaptation in a changing climate:
a framework integrating biological, psychological, and behavioural aspects. Life 2021;11: 895

40. Emmet Power, Niamh McCarthy, Ina Kelly,Mary Cannon and David Cotter, Climate change and mental
health: time for action and advocacy, Published online by Cambridge University Press: 24 January 2022

41. Prévot, A.-C.,, Cheval, H., Raymond, R., & Cosquer, A. (2018). Routine experiences of nature in cities can
increase personal commitment toward biodiversity conservation. Biological Conservation, 226, 1-8.

42.  Albrecht G, Sartore GM, Connor L, Higginbotham N, Freeman S, Kelly B, et al Solastalgia: the distress
caused by environmental change. Australas Psychiatry 2007; 15(suppl 1): 595-8

43. Cianconi P, Betro S, Janiri L. The impact of climate change on mental health: a systematic descriptive
review. Front Psychiatry 2020; 11: 74

44. Stermin N. Alexandru (2022), *Cazuti din jungla, Humanitas Press.


https://doi.org/10.20944/preprints202307.1722.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 July 2023 do0i:10.20944/preprints202307.1722.v1

45.  Michel Lamy , Introduction to Human Ecology , Ellipses Marketing , 2001.

46. Scull J. Ecopsychology: where does it fit in psychology in 2009? Trumpeter 2008; 24: 68-85.

47. Agnieszka Olszewska-Guizzo, Landscape Architecture and Neuroscience - the New Meaning of
Contemplative Landscapes, 2013.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202307.1722.v1

