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Abstract: Biomimicry is a scientific discipline that aims to model the behavior or properties of
biological systems so as to adapt them to other scientific areas. Recently, this approach has been
adopted in order to develop an organizational model called “Organizational Biomimicry”. It proposes
a systemic approach, a worldview that places the organization and the people related to it as an
integral part of nature, and an R&D system based on continuous learning from nature. The effective
management of this business model depends on leaders who can make dynamic decisions, generate
commitment to the views of the company, define specific goals, actively learn on multiple levels
and tackle conflicts. This type of leadership may actually be being exercised in business practice;
however, no leadership style inspired by biomimicry has been theorized to date. Thus, the aim of this
research was to present a biomimetic leadership model that considers nature as a model, measure
and mentor. To this end, we proposed, firstly, a definition of a biomimetic leader from the point of
view of the characteristics of biomimetic organizations. Then, we determined the characteristics of
this leadership type. Secondly, we conducted a review of the main leadership styles analyzed in the
recent literature about management; then, for each leadership type, we extracted the characteristics
that will adapt to the biomimetic leadership model. From this process, we obtained the traits of a
biomimetic leader. This characterization (definition plus characteristics) was subjected to an expert
panel, which determined its validity.
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1. Introduction
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Biomimicry, or biomimesis—from the Greek bios (life) and mimesis (imitation)—is
a scientific discipline that aims to model the behavior or properties of biological systems
to adapt them to other scientific areas. In the field of new material development, this
approach has garnered extraordinary scientific achievements [1].
Biomimicry, as proposed by Benyus [2] and Pauli [3], has previously been successfully addressed in the fields of engineering, chemistry, robotics and architecture, among
others [4–10].
It has also been applied to economic models [11] and organizational models [12],
and as a system for the design and manufacture of products [13]. In the specific field of
organizations, Celep, Tunç and Düren [14] have pointed out some aspects of management
that can benefit from the biomimetic approach, such as corporate leadership, innovation,
strategy and structure. However, until the recent work by Olaizola, Morales-Sánchez and
Eguiguren-Huerta [15], the implications of this management philosophy for organizations
had not been analyzed. Olaizola et al. [15] have characterized the so-called “Organizational
Biomimicry”, adapting to organizations the 10 key points of the mature systems presented
by Benyus [2]. According to Benyus [2], mature ecosystems consist of different beings
that pursue common purposes: maintaining their presence in a certain place, making the
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most of the available resources, and prevailing in the long term. In a mature ecosystem,
organisms [2]: (1) use waste as a resource; (2) diversify and cooperate to fully use the
habitat; (3) gather and use energy efficiently; (4) optimize rather than maximize; (5) use
materials sparingly; (6) do not foul their nets; (7) do not draw down resources; (8) remain
in balance with the biosphere; (9) run on information; and (10) shop locally. From this
analysis of mature systems, “it can be inferred that biomimetic organizations present light
and even fluid structures, multidisciplinary teams working on projects, value management,
ecosystem vision, investment in R&D focused on nature, and distributive and ethical
leadership” [15] (p. 12).
Organizational biomimicry proposes a systemic approach, a worldview that places
the organization and the people related to it as an integral part of nature, and an R&D
system based on continuous learning from nature.
Olaizola et al. [15] (p. 17) conclude that the biomimetic management model contributes
to the organization in the following ways: “(1) stimulation of creativity, pride of belonging,
commitment and the well-being of people who interact with it directly or indirectly;
(2) optimal use of all resources; (3) understanding and imitation of the vital mechanisms
of the Earth that need to be respected and protected; (4) continuous improvement in the
definition and implementation of strategies and policies; (5) innovative and disruptive
products or services; (6) active involvement of customers and suppliers; (7) triple bottom
results sustained over time; (8) complicity with society; (9) conservation of the planet
for future generations (human and non-human); and (10) welfare in the organization
subsystem and in the other subsystems with which it interacts directly or indirectly”.
The effective management of a complex business model depends on leaders who
can make dynamic decisions, generate commitment to the views of the company, define
specific goals, actively learn on multiple levels and tackle conflicts [9]. Therefore, according
to Olaizola et al. [15] (p. 13): “If we want a biomimetic organization to count on its internal
ecosystem with people endowed with the aforementioned characteristics, it is necessary
to provide the means for relying on leaders capable not only of having them, but of selfevaluating and committing themselves to continuous improvement. Leaders who are
capable of directing the common project that is an organization”.
While this type of leadership may actually have been exercised in business practice, to
the best of our knowledge, no leadership style inspired by biomimicry has been theorized
to date. Thus, the aim of this study was to present a biomimetic leadership that considers
nature as a model, measure and mentor. To this end, we proposed, initially, a definition of
a biomimetic leader derived from the characteristics of biomimetic organizations. Then, we
determined the characteristics of this leadership type. For this purpose, we conducted a
review of the main leadership styles as analyzed in the recent literature about management;
then, for each leadership type, we extracted the characteristics that will adapt to the
biomimetic leadership model. From this process, we obtained the traits of the biomimetic
leader. This characterization (definition plus characteristics) was subjected to an expert
panel, which determined its validity.
Our work offers a double contribution to the literature. Firstly, from the biomimetic
perspective, this is the first time that such an approach has been applied to the management
of people, which shows its potential as a holistic discipline, capable of contributing to
science beyond bioinspired mechanical systems. Secondly, from the perspective of management, the biomimetic leadership model presented here is a view that surpasses the existing
anthropocentric systems in the literature and in the practice of business management. Using a multidisciplinary and integrating perspective, biomimetic leadership is founded on
the advances of perspectives such as biomimicry, psychology, pedagogy, management, and
even esthetics and engineering, to propose a novel view of leadership inspired by nature.
This multidisciplinary approach has proved useful in previous studies; for instance,
Pérez Matos and Setién Quesada [16] (p. 15) stated that “the complexity of current reality
forces the scientific study of society as a whole and of the individual person in his/her
values and rules. This leads to a new stance in the treatment of social sciences that,
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from inter- and trans-disciplinary approaches, allows creating different epistemological
structures in the sciences that are inherent to the study of societies”. In this sense, Rahwan
et al. [17] suggest that we must study artificial intelligence in the same way that we study
wild animals, with the interaction of computation scientists, physicists, climate experts,
architects, philosophers, psychologists and sociologists.
In specific fields, Jarke et al. [18] used it in the management of scenarios, using
an inter-disciplinary approach that comprises strategic management, person–machine
interaction and system engineering; Dietz [19] studied the influence of the community
on the individual social or economic results from sociology, economy and geography;
Antonucci et al. [20] studied the dominant influence of relationships on health and wellbeing, based on different disciplines; Hiwasaki and Arico [21] integrated social sciences
with eco-hydrology.
This paper is structured as follows. In the next section, we present the definition of
biomimetic leadership from the viewpoint of the characteristics of biomimetic organizations. Next, we describe the research methodology. The subsequent sections present the
characteristics of the biomimetic leadership model, extracted from the review of the main
leadership styles in the recent literature about management and validated by an expert
panel. Finally, discussion and conclusions are drawn.
2. Definition of Biomimetic Leadership
The literature does not provide a model of the biomimetic leader. Thus, in order to approach it, its characterization must begin with an ethical leader that recognizes him/herself
as part of the natural system with which he/she interacts—and learns—to obtain mutual
benefits. The biomimetic leader is an ethical leader endowed with a worldview that considers nature as a model, measure and mentor, and such a continuous learning process
generates observable and measurable behaviors that benefit the organization. According
to these ideas, a biomimetic leader defines strategic goals transversally and consensually
within the different subsystems of the organization, incorporates the attainment of goals
into the considerations assigned to the participants, and shows and favors behaviors that
promote the co-responsibility of all participants.
From the characterization of biomimetic organizations proposed by Olaizola et al. [15],
we can present a definition of the biomimetic leader. Thus, we define the biomimetic leader
as a person committed to his/her own personal and professional growth, emotionally
involved in the organization for which he/she works, and willing to accompany it in its
process of development, in harmony with the environment. His/her source of inspiration
and learning is nature, and he/she strongly believes that he/she and the organization are
nature, are part of nature, belong to one of the ecosystems of nature and are responsible for
the health and well-being of nature.
The biomimetic leader must have a more complex profile with respect to the traditional
concept of an ideal leader, regardless of the leadership model. Therefore, to characterize
biomimetic leadership, we first reviewed the main theories about leadership in order to
extract the most effective traits and behaviors of the leadership models explored in the
literature on business organization. Secondly, we applied the philosophy of biomimicry to
characterize a leader endowed with a worldview that considers nature as a model, measure,
and mentor. Lastly, we subjected our proposal to an expert panel, who evaluated it and
made contributions for its improvement.
3. Methodology
Management, as a social science, requires research methodologies that are capable
of collecting all the complexity of business phenomena and analyzing them. We adopted
a grounded theory approach to develop qualitative research. The “grounded theory”
approach has become a popular choice of methodology among social researchers in recent
times, and it is an approach dedicated to generating theories. In this sense, it contrasts
with approaches concerned with testing theories, and is different from research where the
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main purpose is to provide descriptive accounts of the subject matter [22]. To attain the
objective of our research, we developed a two-step process: first, we analyzed the current
literature about leadership in management to extract the characteristics that adapt to the
biomimetic leadership model. Second, this characterization (definition plus characteristics)
was subjected to an expert panel, which determined its validity.
4. Review of the Leadership Models
This section briefly presents the main contributions that can be obtained from the
leadership styles analyzed in the recent literature. Given that there are a large number
of leadership styles, we selected for our research those that meet two criteria: (1) those
leadership styles that have proved more effective for organizations; and (2) those that
appear to be related to the biomimetic approach. According to the first criterion, the
selected leadership styles are transformational, authentic and ethical leadership [23]. Based
on the second criterion, we chose the following leadership styles: servant, sustainable,
creative, distributed, spiritual, holistic, innovative and regenerative leadership. The aim of
this study was not to dissect the leadership styles; thus, instead of attempting to thoroughly
analyze each of them in our literature review, we present them briefly here and highlight the
most important aspects of each style, as well as their possible association with biomimesis
or organizational biomimicry.
The analysis of these leadership models or styles must serve as a basis to determine
the traits of a leader who considers nature as a model, measure, and mentor, and who aims
to behave like the organisms of a mature system, that is, a biomimetic leader.
4.1. Transformational Leadership
Transformational leaders are those who inspire their followers to transcend their
personal interests for the good of the organization, while paying attention to their concerns
and needs, and thus having an extraordinary effect on them. According to Avolio and
Yammarino [24], the transformational leader has values and beliefs as well as a sense of
mission and purpose (his/her duty). He/she has a moral and ethical orientation and
inspires and motivates. He/she applies the Pygmalion effect and creativity for innovation
and problem-solving and provides individualized socioemotional support to each of
his/her followers.
Bass [25] suggested four key aspects of transformational leadership: idealized influence and charisma (behavioral models with high ethics); inspirational motivation (great
team spirit and a shared view); intellectual stimulation (emphasizing problem-solving
and creativity); and individualized consideration (a supportive climate and the use of
delegation). Other authors, such as Avolio and Locke [26], Kirkpatick and Locke [27],
van Dierendonck and Patterson [28], and Bass and Steidlmeier [29], also include moral
concepts in this type of leadership (e.g., virtue, charisma and commitment to the common good).
The way in which transformational leadership manages individualized consideration
and provides individualized socioemotional support to every follower is in line with the
second requirement of mature systems proposed by Benyus [2] (to diversify and cooperate
to fully explore the habitat), and also with the tenth requirement (shop locally). Moreover,
intellectual stimulation and the promotion of creativity for innovation and problem-solving
is a necessary skill for a leader who aims to have nature as a model and mentor and, thereby,
learn from it. Lastly, the altruism required in transformational leadership is linked to the
generosity demanded from people in the characterization of biomimetic organizations.
4.2. Authentic Leadership
The study of authentic leadership is also gaining great importance. In this leadership
style, the leader believes in the values and beliefs of the group, which makes the latter have
faith in the former. According to Walumbwa et al. [30], authentic leadership has four axes:
self-awareness (understanding one’s strengths and weaknesses, and the influence of the
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development of one’s behavior), transparency in relationships (sharing information openly
and expressing honest thoughts and feelings), the development of a moral perspective (setting high ethical standards for behavior) and balanced processing (analyzing information
objectively and asking for the opinions of the followers before making a decision).
Authentic leaders generate confidence, optimism, resilience and moral strength [31],
and offer greater social identification with the group and organizational principles [32].
Furthermore, they behave in such a way that they show self-transcendence values, such as
honesty, loyalty and equality [31].
Moriano et al. [33] stated that authentic leaders are individuals who are highly aware
of their values and beliefs, how they behave, and how they are perceived by others. On
their part, Shamir and Eilam [34] pointed out that the behaviors of the authentic leader
are based on high levels of self-knowledge and a concept of self, coherence and harmony
between the person and the role, and that such behaviors make up a biography that attracts
his/her followers.
It is easy to extract traits of authentic leadership that are in line with the biomimetic
approach of organizations and mature systems. Specifically, the trait of transparency in
relationships (sharing information openly and expressing honest thoughts and feelings)
as proposed by the authentic leader corresponds to the ninth point of mature systems:
they are governed by information. For an authentic leader, authenticity in communication
becomes honesty (saying what one thinks, doing what one says). The resilience generated
by authentic leaders is a way of developing the eighth point of mature systems: remaining
in balance with the biosphere through diversity, redundancy and decentralization.
4.3. Ethical Leadership
These approaches can be enriched by adding the importance of ethics in leadership. As
was indicated by Melé [35], ethics must be at the core of the management of organizations,
and thus in their leaders, in order to make decisions according to good morality, mold the
management style, strengthen their virtues, implement good practices in the organization
and exercise an adequate leadership model.
Ethical leadership is defined as “the demonstration of normatively appropriate conduct through personal actions and interpersonal relationships, and the promotion of
such conduct to followers through two-way communication, reinforcement, and decisionmaking” [36] (p. 120). The ethical leader, in addition to showing behaviors in line with
the rules, promotes, in his/her inter-personal relationships, the incorporation of such
behaviors by the members of his/her team, and he/she does that basically in two ways—
strengthening adequate behaviors and discouraging behaviors that are not in line with
the rules. According to Marsh [37], the ethical leader must have four traits: authenticity
(personal integrity, self-knowledge and the capacity to manage his/her own life); mindfulness (the capacity to observe, the capacity to take time to think, systemic thinking,
rational process); sustainment (hope and a holistic approach in the workplace and in life);
and commitment (acceptance of diversity, cultivating relationships, and agreeing to make
risky decisions).
Ethical leadership has shown its positive effects on pro-social behaviors [38] and has
been positively related to psychological well-being and job satisfaction among workers [39,40].
In the same line, Engelbrecht et al. [41] emphasize the key role of ethical leaders in the creation of an ethical and trusting work climate that favors the participation of the employees.
Other authors have positively associated ethical leadership with organizational commitment, emotional commitment, normative commitment, organizational citizenship behavior,
work performance, work commitment and organizational identification [42]. On their part,
Kopelman et al. [43] reported that ethical leadership reduces the immoral behaviors of
the subordinates.
For our characterization of biomimetic leadership, we highlight the following traits of
ethical leadership: integrity, systemic thinking, a holistic approach and commitment.
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4.4. Servant Leadership
Servant leadership is focused on the service to others [44,45] as it is the highest moral
dimension [46], and it recognizes that the duty of organizations is to create people who can
build a more humane future [47] and are capable of solving the challenges of 21st-century
society.
According to Greenleaf [44], the servant leader: is a good listener; is empathetic; is a
healer; becomes aware; is persuasive; can conceptualize, i.e., consolidate his/her capacities “to dream great dreams”; exercises foresight; knows how to administer; is strongly
committed to the growth of people around him/her; and promotes the construction of a
community among those who work within a certain organization.
There is a positive relationship between the practice of the servant leader and the organizational commitment [48,49] or civic behavior of the followers [50,51]. Employees can
notice that, in order to maintain a high service level, the organization/leader greatly appreciates behaviors that go beyond the formal requirements, i.e., a greater civic behavior [52].
Moreover, the servant leader can improve the social communication and integration of
the organization/group [53]. Co-responsibility also indicates that the priority of servant
leaders is to satisfy the needs of the followers and society before attaining the goals of the
organization [47,54,55].
Servant leadership is linked to biomimicry through the capacity to commit to the
growth of the people around the leader and through the promotion of community-building,
which are requirements of mature systems. Furthermore, due to its special orientation to
serve the organization and others, the traits of honesty, commitment, civic behavior, social
communication and integration, co-responsibility, integrity and humility are especially
important for a biomimetic leader.
4.5. Sustainable Leadership
Gerard et al. [56] state that sustainable leadership requires: (1) a long-term perspective
for decision-making; (2) promoting systematic innovation aimed at increasing value for
the client; (3) developing a qualified, loyal and strongly committed human team; and (4)
providing quality products, services and solutions. The practices of sustainable leadership
allow generating a quick and solid response that is competitive and attractive to the
participants [57,58].
In their definition of the concept, Avery and Bergsteiner [59] claim that sustainability is
the fundamental principle of leadership. The existing definitions of sustainable leadership
highlight a series of characteristics and traits that sustain the concept. Briefly listed, the key
ideas are as follows:

•
•
•
•
•
•
•

Depth—sustainable leadership matters;
Duration—sustainable leadership lasts;
Amplitude—sustainable leadership expands;
Justice—sustainable leadership does not harm the environment and actively improves it;
Diversity—sustainable leadership promotes diversity and cohesion;
Inventiveness—sustainable leadership develops and does not deplete materials in
human resources;
Conservation—sustainable leadership, honors and teachings are the best of the past to
create an even better future.

In addition to incorporating corporate social responsibility (CSR), Kantabutra and
Avery [58] compared organizations with nature. They also insist on social responsibility
toward the environment, in terms of respecting it along with the people and the community.
Casserley and Megginson [60] tackled sustainable leadership, stating that its meaning
or purpose is based on something deeper and more permanent than merely achieving
professional goals, and that it goes beyond the narrow interests of the leader. Such leaders
also have a very well-developed reflective capacity, making sense of things at an emotional,
intuitive and intellectual level, and responding in a more visceral manner; thus, they
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are capable of reconsidering, self-criticizing, and creatively adapting to changes in their
environment.
Regarding all of the abovementioned models, sustainable leadership contributes to
the previous leadership styles with a special emphasis on CSR, the relationship between
the organization and its environment, and the special importance of diversity.
4.6. Creative Leadership
Sternberg et al. [61] concluded that there are three general types of creative leadership: (1) the leadership that accepts existing ways of doing things; (2) the leadership
that challenges the existing ways of doing things; and (3) the leadership that synthesizes
different existing ways of doing things. They also stated that this leadership style can be applied through the following procedure: (1) replicate, (2) redefine, (3) increase, (4) advance,
(5) redirect, (6) rebuild, (7) reinitiate, and (8) synthesize/fuse.
Palus and Horth [62] considered that the main competencies of creative leadership are
interrelated, although they are different from each other: attention, personalization, the
creation of images, fair play, collaborative inquiry and craftsmanship. They also proposed
that leadership processes are fundamentally artistic, identifying artistic creation as the
representation of specific and powerful ways of perceiving, building, mobilizing and
participating in evolving realities.
Basadur [63] pointed out that leaders must first help others to perform the basic skills
of creative thinking in order to overcome deficiencies. These skills not only help to solve
obvious problems (problem-solving) but they also help people to follow a synchronized
process toward innovative thinking in order to find and define new problems, with the
aim of solving and implementing the new solutions.
Leaders must help others to follow this process, not only individually but also with
other individuals or within groups or teams. These basic thinking skills include the
ability to defer judgment, maintain an open mind and think divergently. DiLiello and
Houghton [64] insist that creative ideas can be used to solve problems, improve processes
and develop new services and/or products. These authors highlight that individual
creativity is essential for organizational innovation, and they point out personal traits
such as perseverance, curiosity, an interest in complexity, a preference for autonomy and
high energy.
Regarding biomimicry, we consider that a leader who learns from nature and considers
it as a mentor must resort to creativity in order to bring natural processes and models to
the organizational structures and processes. Therefore, creativity must be a defining trait
of biomimetic leadership.
4.7. Distributed Leadership
The literature about distributed leadership generally refers to the school environment
(e.g., the professional learning communities described by DeMatthews, [65]), although,
since schools are organizations, we can extract useful teachings for organizations in other
environments, including companies.
Distributed leadership is essentially scattered, that is, it is not focused on one individual or on a single level. It is fostered by a reality in which more than one person can be a
manager, regardless of the differences established by the management of the organization.
This favors equal opportunities in order that all the members of an institution can lead and
make decisions at a certain moment.
From a holistic perspective, leadership is viewed as an arranged action, where it is
a phenomenon that comprises the practice of delegation, exchange, collaboration, dispersion and the democratization of leadership. Longo [66] explained that an organization
that applies distributed leadership makes people act as leaders while they fulfill their
habitual duties.
Distributed leadership acquires interest due to the background tendencies of current
knowledge-based organizations, societies and economies, in more demanding environ-
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ments, with an increase of internal diversity or flatter hierarchical structures. In this regard,
Longo [66] defined distributed leadership as: an attribute of organizations; a resource that
should be aimed at orienting, creating/maintaining motivation and managing changes,
with a mainly contingent character; and as a moral authority and an exercise of influence
to convince and solve conflicts, with a preferably delegating style (although transferring
leadership should not be mistaken for transferring work).
The underlying notion of distributed leadership, a scattered leadership shared according to the activity and profile of each member of the team, is related to the eighth
characteristic of mature systems proposed by Benyus [2], i.e., the balance of the biosphere,
specifically through diversity, redundancy and decentralization.
4.8. Spiritual Leadership
Spiritual leadership is focused on integrity, honesty, compassion, respect and humility [67]. All these values show the followers that the spiritual leader is a person they can
trust [68]. In this sense, Morales-Sánchez and Cabello-Medina [69] propose that a good
leader must have at least one of the following competencies: transcendence, spirituality,
religiosity, or emotional sense.
Sharma [70] emphasized that spiritual leaders manage to create a clear design or
plan of how their companies will be in the following years. Blanch et al. [71] argue that
spiritual leaders develop an inspirational view and mission that promote the development
of the spirit of cooperation, mutual support and commitment to the effective functioning
of the organization.
In this sense, Benefiel [72] studied the importance of spirituality in the transformation
process of organizations, concluding that spiritual leaders who are focused on their organizations (in the same way as spiritual teachers who are focused on people) can resort to the
collective knowledge of the experience of others and compassionately accompany their
organizations through their transformation. This demystifies the leadership process and
allows the organization to realize that it is not alone but is instead accompanied by a set of
people who have grown through their life experiences.
The characterization of biomimetic organizations proposed by Olaizola et al. [15]
insists on the importance of the ethics of the organization and of the people that constitute it.
Moreover, these authors refer to the importance of reflecting on the mission of organizations
and the coupling of higher systems to the organization. All these factors are clearly
represented in spiritual leadership, among which we highlight respect, humility and
life sense.
4.9. Holistic Leadership
Best [73] proposed that holistic leadership offers seven fundamental assumptions
about the nature of effective leadership:
1.
2.
3.
4.
5.
6.
7.

Successful outcomes result from an orientation toward development;
The healthiest and most productive development is performed collaboratively;
The leadership unit shapes the context of collaboration;
The core leadership unit is the individual, which makes every participant a leader
within his or her own sphere of influence;
The intrinsic desire for meaningful purpose suggests that every individual wants to
realize his or her best potential;
Holistically led collaboration requires that the participant’s right to self-determination
be respected;
The exercise of self-determination in a way that realizes the individual’s best potential
results from an iterative process that must be supported.

On their part, Korhonen et al. [74] stated that the orientation toward goals, interactions
and the exchange of responsibilities (shared leadership) are key characteristics of school
leadership. The characteristic effects of leadership that workers must show are participation,
empowerment and commitment.
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Focusing on the school context, Niemi [75] claimed that schools require cooperation
among professionals, which is a perspective centered on learning, networks within the
school community and with external agents, and long-term development plans. In addition
to internal collaboration, external collaboration networks are also important, which include
the parents of the students, the local community organizations, the companies, and other
national and international networks.
Although there are currently few studies on holistic leadership, the stress they place
on collaboration, network development, self-determination and, obviously, the holistic
perspective, makes this a very interesting leadership style for the biomimetic approach,
since these are essential characteristics of mature ecosystems [2].
4.10. Innovative Leadership
Ditkoff [76] highlighted the following behavioral traits of creative people: they usually
question the status quo; they investigate new possibilities; they are self-motivated; they
are concerned about the future; they see possibilities in the impossible; they take risks;
they tend toward movement and interaction; they do not fear ridicule; they see hidden
connections; they focus on challenges and problems; they are perceptive; they resist
ambiguity and paradoxes; they learn constantly; they can reconcile intuition and analysis;
they communicate effectively; they are not easily discouraged; and their individualism
does not prevent them from working in a team if they are given space.
González-Romá [77] considered that, in the fulfillment of their duties, leaders can
facilitate innovation by contributing to the development of certain group processes: clarifying the goals of the team and creating a shared view of the latter, stimulating participation
in decision-making, periodically allocating a time for team reflection, managing conflicts
cooperatively, and supporting the implementation of new ideas.
With respect to innovation in work teams, Bornay-Barrachina [78] distinguished
between “associative” thinking and “bisociative” thinking. Associative thinking is limited
to the search of solutions along already known paths, looking for associations between
different pieces of knowledge and experiences that have been accumulated and which are
frequently used. On the other hand, bisociative thinking relates scattered concepts. These
behaviors consist, for instance, in searching for new approaches that are not required at the
time or combining ideas from different research areas.
Biomimicry requires innovation and creativity to adapt what is learned from nature to
different environments, processes and systems. As was explained earlier regarding creative
leadership, these traits of the leader (creativity and innovation capacity) are essential in
organizational systems that face continuous change, and which aim to consider nature as a
teacher and be inspired by it.
4.11. Regenerative Leadership
Hutchins and Storm [79] (p. 84) point out that regenerative leadership is based on the
multidisciplinary fields of the theory of complexity, cybernetics, evolutionary psychology,
systems theory, holistic science and others: “For sure, we take learning from nature’s ways
of communicating, evolving and collaborating that have been honed over billions of years
of evolution, and we combine this with recent findings about energy flows in complex
adaptive systems, detailed studies on adult development growth within organizations,
feedback loops within system dynamics, and more. All this contributes to a rich picture
of how we view the life-organization-as-living-system that thrives through messy human
relationships nested within systems upon systems of life”. A good practical example of
this is provided by Mangrich et al. [80], who explained how a physical university space is
used as a pedagogical instrument for the resilience of ecosystems. Some characteristics of
regenerative leaders are presence, coherence, patience, generosity and silence [79]. From
regenerative leadership, organizational biomimicry can extract behaviors that tend toward
the integration of different disciplines and the development of transformative ethics.
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Table 1 shows the reviewed leadership models, a summary of their main characteristics
and some of the published studies about them.
Table 1. Summary of the leadership models.
Leadership

Main Characteristics *

Published Studies

Transformational

Altruism, virtue, charisma, commitment to the
common good, motivation, creativity, individualized
consideration

Avolio and Locke (2002) [26]
Bass (1985) [25]
Bass and Steidlmeier (1999) [29]
Van Dierendonck and Patterson (2015)
[28]

Authentic

Self-awareness, transparency in relationships,
moral perspective development, balanced processing,
integrity, honesty, reliability, humility
Trust, optimism, resilience, moral strength, social
identification with group and organizational principles
Self-transcendence, honesty, loyalty, equality

Ethical

Promotion of pro-social behaviors, increase of work
satisfaction and psychological well-being. Defines what is
fair and true
Honesty, trust, listening

Servant

Honesty, commitment, civic behavior, social
communication and integration, co-responsibility,
integrity, humility, reliability

Sustainable

Creative

Distributed

“Bee” type vs. “lobster” type; psychological intelligence,
psychological well-being, ethical behavior,
responsibility for the environment, CSR, innovation and
creativity, quality, passion, personal and
professional humility, reflective capacity, introspection
Novelty, openness to new realities, creativity as a
personal decision. Deferring judgment, keeping
an open mind, thinking divergently. Persistence,
curiosity, interest for complexity, preference for
autonomy and high energy
Shared leadership based on the activity and the profile of
the members of the team
Holistic perspective, concerted action, exchange,
collaboration, dispersion, democratization, orienting,
creating and maintaining motivation, managing changes
Moral authority, persuasion, conciliation

Ilies, Morgeson and Nahrgang (2005) [32]
Walumbwa et al. (2008) [30]
Avolio and Gardner (2005) [31]
Ilies, Morgeson and Nahrgang (2005) [32]
Avey, Wernsing and Palanski (2012) [40]
Brown and Treviño (2006) [81]
Brown, Treviño and Harrison (2005) [36]
Kacmar et al. (2013) [38]
Xu, Loi and Ngo (2016) [82]
Barbuto and Wheeler (2006) [54]
Cerit (2010) [48]
Chiniara and Bentein (2016) [50]
Ehrhart (2004) [55]
Greenleaf (1970) [44]
Lapointe and Vandenberghe (2018) [49]
Liden et al. (2008) [47]
Ling, Lin and Wu (2016) [83]
Van Dierendonck (2010) [45]
Walumba, Hartnell and Oke (2010) [51]
Avery and Bergsteiner (2011) [59]
Casserley and Critchley (2010) [84]
Gerard, McMillan and
D’Annunzio-Green (2017) [56]
Kantabutra and Avery (2013) [58]
Basadur (2004) [63]
DiLiello and Houghton (2006) [64]
Palus and Hort (1996) [62]
Sternberg, Kaufman and Pretz, (2003) [61]
DeMatthews (2014) [65]
Longo (2008) [66]
Spillane, Halverson and Diamond (2004)
[85]

Spiritual

Integrity, honesty, compassion, respect, humility,
transcendence, spirituality, life sense, far-sightedness

Benefiel (2005) [72]
Blanch et al. (2016) [71]
Fry (2003) [67]
Morales-Sánchez and Cabello-Medina
(2015) [69]
Reave (2005) [68]
Sharma (2003) [70]

Holistic

Distributed leadership, teamwork, goal orientation,
quality control, collaboration with external
organizations
Participation, empowerment, commitment

Best (2011) [73]
Korhonen et al. (2014) [74]
Niemi (2015) [75]
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Table 1. Cont.
Leadership

Innovative

Regenerative

Main Characteristics *

Published Studies

Persistence to solve problems, combining different
areas of knowledge, desiring change, paying attention,
personalization, image creation, fair play, collaborative
inquiry, craftsmanship, resistance to ambiguities
and paradoxes
Integration of different disciplines
Transformative ethics
Presence, coherence, patience, generosity, silence

Bornay-Barrachina (2013) [78]
Ditkoff (2008) [76]
González-Romá (2008) [77]
Hutchins and Storm (2019) [79]
Ripper Kós et al. (2017) [86]

Source: developed by the authors from the literature review. * The traits that were considered for the characterization of the biomimetic
leader are shown in bold type.

After reviewing the main leadership models that appear in the specialized literature
on management, the next section presents the characterization of the biomimetic leader
through the traits that compose this profile.
5. Results: Characterization of the Biomimetic Leader
To carry out this characterization, we used the information extracted from the reviewed leadership models. For each model, we extracted the leadership traits that fit
the characteristics of biomimetic organizations or the mature ecosystems described by
Benyus [2].
From the analysis of the leadership models, we extracted the following traits: creativity,
ethics, flexibility, generosity, honesty, humility, loyalty/commitment, resilience and a
holistic view. Table 2 shows the types of relationships established between the traits of the
biomimetic leader and the 10 key elements of a mature system [2].
Table 2. Comparison between the traits of the biomimetic leader and the 10 key elements of a mature system.
Key Element of the Mature
Ecosystem (Benyus) [2]

Relationship

Creativity

1. Uses waste as a resource
2. Diversifies and cooperates to fully use the
habitat

Novelty, openness to new realities, creativity as a
personal decision
Deferring judgment, keeping an open mind, thinking
divergently
Persistence, curiosity, interest for complexity,
preference for autonomy and high energy
Basadur (2004) [63]
DiLiello and Houghton (2006) [64]
Palus and Horth (1996) [62]
Sternberg, Kaufman and Pretz (2003) [61]

Ethics

3. Accumulates and uses energy efficiently
4. Optimizes, does not maximize
5. Uses materials with moderation
7. Does not deplete resources
10. Shops locally

Trait

Pro-social behaviors, defining what is fair
Avey, Wernsing and Palanski (2012) [40]
Brown and Treviño (2006) [81]
Brown, Treviño and Harrison (2005) [36]
Kacmar et al. (2013) [38]
Xu, Loi and Ngo (2016) [82]
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Table 2. Cont.
Trait

Flexibility

Generosity

Key Element of the Mature
Ecosystem (Benyus) [2]

1. Uses waste as a resource
8. Maintains a balance with the biosphere
10. Shops locally

1. Uses waste as a resource
2. Diversifies and cooperates to fully use the
habitat
5. Uses materials with moderation
7. Does not deplete resources

Honesty

3. Accumulates and uses energy efficiently
4. Optimizes, does not maximize
7. Does not deplete the resources
8. Maintains a balance with the biosphere
9. Operates based on information
10. Shops locally

Humility

2. Diversifies and cooperates to fully use the
habitat
6. Keeps his/her nest clean
7. Does not deplete resources
9. Operates based on information

Loyalty/commitment

2. Diversifies and cooperates to fully use the
habitat
3. Accumulates and uses energy efficiently
4. Optimizes, does not maximize
5. Uses materials with moderation
6. Keeps his/her nests clean
7. Does not deplete the resources
8. Maintains a balance with the biosphere
9. Operates based on information
10. Shops locally

Relationship
Responsibility for the environment
Avery and Bergsteiner (2011) [59]
Casserley and Critchley (2010) [84]
Kantabutra and Avery (2013) [58]
Leroy, Palanski and Simons (2012) [87]
Sabbaghi, Gerald and Hipskind S. J. (2013) [88]
Social identification with the group and organizational
principles
Avolio and Gardner (2005) [31]
Ilies, Morgeson and Nahrgang (2005) [32]
Exchange, collaboration, dispersion, democratization,
orienting, creating and maintaining motivation,
managing changes
DeMatthews (2014) [65]
Longo (2008) [66]
Spillane, Halverson and Diamond (2004) [85]
Commitment to the common good
Avolio, Bass and Jung (1999) [89]
Barbuto and Wheeler (2006) [54]
Bass and Steidlmeier (1999) [29]
Hunter et al. (2013)[90]
Melé (2012) [35]
van Dierendonck and Patterson (2015) [28]
Honesty, commitment, civic behavior,
co-responsibility, integrity, humility, reliability
Barbuto and Wheeler (2006) [54]
Cerit (2010) [48]
Chiniara and Bentein (2016) [50]
Clopton (2011) [53]
Ehrhart (2007) [55]
Greenleaf (1970) [44]
Lapointe and Vandenberghe (2018) [49]
Liden et al. (2008) [47]
Ling, Lin and Wu (2016) [83]
Melé (2009) [46]
Van Dierendonck (2010) [45]
Walumbwa et al. (2008) [30]

Pro-social behaviors
Avey, Wernsing and Palanski (2012) [40]
Social communication and integration
Avey, Wernsing and Palanski (2012) [40]
Barbuto and Wheeler (2006) [54]
Cerit (2010) [48]
Chiniara and Bentein (2016) [50]
Clopton (2011) [53]
Ehrhart (2007) [55]
Greenleaf (1970) [44]
Lapointe and Vandenberghe (2018) [49]
Liden, Wayne, Zhao and Henderson (2008) [47]
Ling, Liv and Wu (2016) [52]
Melé (2009) [46]
Van Dierendonck (2010) [45]

Biomimetics 2021, 6, 47

13 of 23

Table 2. Cont.
Key Element of the Mature
Ecosystem (Benyus) [2]

Trait

Resilience

Holistic view

Relationship

8. Maintains a balance with the
biosphere

Trust, optimism, resilience, moral strength, social
identification with the group and organizational
principles
Avolio and Gardner (2005) [31]
Ilies, Morgeson and Nahrgang (2005) [32]
Reeves and Martin (2017) [91]

1. Uses waste as a resource
2. Diversifies and cooperates to fully use the
habitat
4. Optimizes, does not maximize
8. Maintains a balance with the biosphere

Distributed leadership, teamwork, goal orientation,
quality control,
collaboration with external organizations.
Participation, empowerment, commitment
Best (2011) [73]
Korhonen et al. (2014) [74]
Niemi (2015) [75]

Source: developed by authors.

In addition to the traits found in the literature, we believe that the biomimetic leader
must have two more traits: a sense of esthetics and a sense of humor. However, these two
traits have no parallels in the model of mature systems developed by Benyus. This could
be due to the fact that such a model mimics nature to design products and processes, that
is, activities that can be approached from a “mechanic” perspective, since they respond
to predetermined, predefined and pre-valued guidelines. Our proposition of biomimetic
leadership goes one step further, as it integrates the whole of human complexity into the
model, not from an anthropocentric viewpoint, as is usual, but from a new approach based
on world view.
The following section thoroughly explains why “sense of esthetics” and “sense of
humor” were included in the traits of the biomimetic leader, despite not being among the
main traits of the leadership models, and in spite of the absence of similarities among the
key elements of mature systems.
5.1. Sense of Aesthetics
This is a desirable trait in a biomimetic leader, as it is related to:
(a)

(b)

(c)

Leader growth: esthetic comprehension lies in the sensory capacities [92]; esthetic
pleasure implies the exercise of intellectual capacities [93]; beauty is the gateway to
the higher world [94]; and esthetic pleasure is knowledge, a “thinking pleasure” [95].
According to Cingari [96], esthetics is a theoretical experience separated from science
and morality that exists in every human activity. Similarly, it can help to expand
viewpoints, since, as was pointed out by Cassirer [97], while science abbreviates and
impoverishes reality in its abstract presentation, art specifies and intensifies it. Regarding art, Pugh and Girod [98] reported that interacting with art objects transforms
people, since the objects provide moments of pleasure, expand our horizons and
modify our ways of perceiving the world, leaving us irrevocably changed.
Leader’s relationship with the organization: esthetic creations transform reality, as
they are artistic and human novelties [99]. Esthetics is a fundamental part of the
organization [100], and transformative organizations incorporate esthetic properties
and use different esthetic symbols [101]. Furthermore, as was stated by Dewey [102],
there is a strong relationship between esthetic experience and ordinary experience,
thus every activity can be esthetic if it is fully conducted and is thereby strongly
linked to continuous improvement.
Leader’s relationship with nature: we need to restore nature’s esthetics to save the
biosphere [103]. According to Miguel de Unamuno, “Only a few feelings can provide
greater solace to man in his sorrow, more rest in his works, more tranquility in the
midst of struggles for survival and more serenity of mind than the feeling of Nature.
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When one has it with some liveliness, gazing at the countryside is the best sedative for
the diseases of the spirit. Inhaling the landscape is one of the greatest pleasures of life”
(quoted in [104], translated from Spanish). Likewise, Tafalla [103] (p. 222) argued that
“Nature, which is not our creation, lacks limits and frameworks, and not only allows
us but encourages us to enter and discover it. The esthetic experience of nature is the
experience of something that opens up to welcome us, surrounding us. We stop being
mere distant spectators to find ourselves inside it, participating in it, discovering
ourselves as inhabitants, as members of the natural world. A passer-by roaming a
landscape becomes part of that landscape, and thus nature is the only artwork we can
be a part of as physical individuals, in our corporality” (translated from Spanish).
5.2. Sense of Humor
A sense of humor is a desirable trait in a biomimetic leader, since it helps him/her in
his/her process of continuous improvement in three different ways:
(a)

(b)

(c)

Leader growth: Carbelo and Jáuregui [105] claimed that a sense of humor, as a personality trait, is one of the main strengths of human beings. In fact, humor implies selfimprovement, acceptance and tenderness, and it is also an attitude of coherence [106],
as it strengthens self-concept and self-esteem [107] and helps in the learning process,
to such an extent that “humor and learning are naturally bound” [106] (p. 12).
A sense of humor allows setting the identity and personality of people and groups,
as it provides them with tools with which to build the reality of their common and
shared lives. In this regard, Vázquez [108] commented that a sense of humor is
the culmination of a proactive attitude to reach self-knowledge and achieve selfacceptance, which allows joking and laughing, even at ourselves. In fact, humor is a
good ally to perceive the stimuli of the environment, and, in its self-asserting sense, is a
mechanism of emotional regulation, as it allows people to laugh at the inconsistencies
of life and keep a humorous perspective, even in the face of adversity [109]. As was
indicated by Betés de Toro [110], those who usually practice humor continuously
reflect on their life sense, developing and maintaining an attitude of acceptance. A
sense of humor is also a manifestation of itself, as an act of maturity, according to
Labarca Reverol [111].
Leader’s relationship with the organization: Humor helps the leader to establish
close relationships with the members of the team, learn from the people around
him/her, improve his/her interpersonal relationships and trust others; it also favors
the analysis of different situations from different perspectives to address all the
nuances, and helps the team to build the reality of their common life [112]. Yam
et al. [113] state that the leader’s sense of humor increases the work commitment
of the followers: the employees feel safe and confident to be themselves, which
in turn allows them to fully invest their personal energy in their job duties. In this
respect, Beard [114] demonstrated that humor at work is an accelerator of productivity.
According to Mann [115], humor is the antidote for boredom/boring tasks, and can be
used to enrich society, since it is a great catalyzer of creativity, thinking and intelligent
reflection. Even in nature, Panksepp [116] asserts that laughter is the best measure of
social pleasure in animals.
Leader’s relationship with nature: Applying humor to learning from nature helps
the leader to visualize the old rules, thus facilitating a new view, becoming aware
of his/her expressive behavior at an almost innocent level, according to Aladro
Vico [117].
Furthermore, a sense of humor can be a magnificent tool for the biomimetic leader
to raise awareness in his/her group, organization, environment and all participants
about the importance of knowing nature in order to love it, thus favoring more
respectful behaviors toward it. According to Hollman [118] (p. 228), “the relationship
between humoristic images and environmental issues provides interesting elements to
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understand the role of the visual culture in the construction of feelings and meanings
about nature and its transformation” (translated from Spanish).
This analysis of leadership traits contemplates the enhancement of certain personality
traits; however, not all traits are adequately tackled. Thus, at this point of the analysis,
we aimed at completing our proposition by incorporating the contributions of transactional analysis (TA). According to Steiner [119], Steiner and Devós [120], and Casado
Esquius [121], TA shows the benefits of working with three states of the “Self” that make
up a mature personality. Harris [122] explained that there are three states in each person: it
is as though in each person, there exists the same creature that he/she was at the age of
three years. Secondly, one’s parents are also within each person, in the form of the cerebral
recordings of authentic experiences of internal and external events, among which the most
important ones took place during the first five years of life. The third state is called “the
Adult state”, whereas the other two are called “the Parent and Child states”. These three
states of the self are psychological realities.
Therefore, we can summarize that the “Parent state” of the self corresponds to the
values and principles of a person, the “Adult state” is in charge of analysis in order to make
decisions, and the “Child state” contributes with feelings and emotions. Therefore, our
proposition requires the leader to have all his/her personal resources available; in other
words, the “Child state” must have the relevance it deserves in life along with the “Parent”
and “Adult” states. As is shown in Table 3, the traits of a sense of esthetics and a sense of
humor contribute to enriching the “Child state” of the self, thereby achieving a balanced
and rich person capable of managing all his/her resources.
Table 3. States of the self and personality traits.
State of the Self-Based on the
Transactional Analysis

Definition

Associated Traits

Parent

Internalized elements. Truths recorded during childhood
and internalized, “how things must be done”

Ethics
Generosity
Honesty
Loyalty/Commitment

Adult

Experienced elements. Transformation of stimuli into
elements of information, ordering and filing this
information based on the acquired experience.
Management of internal and external data
for decision-making

Flexibility
Humility
Resilience
Holistic view

Child

Lived elements. Feelings, emotions. Recalled memories that
reproduce what the person lived, heard, felt and
understood.

Creativity
Sense of esthetics
Sense of humor

Source: developed by the authors.

The “Child state” of the self was first studied as “Emotional Intelligence”. Mayer
et al. [123] measured emotional intelligence, which they defined as the capacity to perceive,
value and express emotions accurately, generate feelings that facilitate thinking, understand
emotions and emotional knowledge, and regulate emotions, promoting emotional and
intellectual growth. On their part, Goñi Palacios and Fernández Zabala [124] considered
that personal self-conception is composed of emotions, honesty, self-realization and autonomy, and that feelings are part of perception, according to the definition of Farlex [125].
Mann [115] concluded that emotions consist of 4 components: our knowledge, our feelings,
our physiological reactions and our behaviors.
Therefore, a mature person also uses the “Child state” of the self; as was explained
by Harari [126], even an economist who has won the Nobel Prize makes a very small
part of his/her decisions using a pencil, paper and a calculator. By this argument, 99% of
our decisions (including the most important ones in life, related to partners, careers and
habitats) are made by highly refined algorithms called feelings, emotions, and desires.
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After incorporating the traits “sense of esthetics” and “sense of humor”, the biomimetic
leader is characterized by 11 traits. Table 4 shows the traits of the biomimetic leader and
the definition of each trait, based on the literature review.
Table 4. Traits of the biomimetic leader.
Trait

Definition

1

Sense of aesthetics

Enjoys observing nature; absorbs the beauty of nature with all his/her senses; makes new
real or symbolic compositions based on elements he/she regards as beautiful.
Appreciates the beauty of things, of daily life, or is interested in aspects of life such as
nature, art, and science.

2

Creativity

Has the capacity to create and modify projects, products, services.

3

Ethics

Is aware of how his/her thoughts, words and actions affect his/her happiness and
that of others.
Operates based on principles and values of moral excellence.
Feels and acts in coherence with moral values and good professional habits and practices,
respecting the organizational policies. Feels and acts in this way at all times, in both their
professional and personal life, even against the supposed interests of his/her own or of the
sector/organization to which he/she belongs, since good habits and moral values are above
his/her actions, and the company desires and understands this.

4

Flexibility

Adapts to changes or variations according to the circumstances or needs.

5

Generosity

Acts with magnanimity and nobility of mind.
Offers part of the goods he/she possesses to others, including time and knowledge.

6

Honesty

Has uprightness of mind, integrity in his/her actions.
Shows coherence between what he/she thinks, says and does. A straightforward person,
coherent and truthful in his/her thoughts, words and actions.

7

Humility

Knows his/her own limitations and weaknesses and acts according to this knowledge;
enjoys learning from others and from nature.

8

Loyalty/Commitment

Complies with the laws of fidelity and honor.
Is willing to accept his/her own responsibilities and can respond to the demands of the job
and to the duties required by the organization, the people that work in it and society in
general, with a positive and spirited attitude.

9

Resilience

Can succeed under adverse conditions. Can tolerate failure.

10

Sense of humor

Can easily present, judge or comment on reality, highlighting the comic, positive or absurd
side of things.
Likes laughing and healthy joking, smiles frequently and always looks on the
bright side of life.

11

Holistic view

Has a conception based on the total and global integration of a concept or situation;
is versatile, open-minded and in constant growth.
Source: developed by the authors.

5.3. Testing the Defined Profile: Expert Panel
After theoretically determining the concept and traits of the biomimetic leader, such
characterization was subjected to a panel of experts to obtain validation based on their
experience and knowledge. The aim of this expert panel was to produce a shared view
from a group of people with extensive knowledge about a certain subject by aligning their
opinions, which were gathered in the form of questionnaires. This method proved to
be very useful for improving knowledge in complex, novel and future matters (forward
planning). Since the existence of biomimetic leaders as such is unknown, the questionnaire
was sent to 18 people who met two criteria: (1) having proven experience in managing
work teams; and (2) having demonstrated good levels of ethics in the exercise of their
profession. In Appendix A you can see the profile of the selected experts. The questionnaire
designed for the experts began with our definition of a biomimetic leader, followed by a
question about the traits that, in their opinion, were required in biomimetic leadership, on
a scale of 1 to 5.
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Table 5 shows the results of this question classified in order from highest to lowest,
based on the scores obtained.
Table 5. Scores of the traits of the biomimetic leader, according to the expert panel.
Trait

Score (Max 90)

Mean

Standard Deviation

1

Ethics

85

4.72

0.57

2

Holistic view

83

4.61

0.61

3

Generosity

80

4.44

0.86

4

Loyalty/Commitment

80

4.44

0.70

5

Honesty

79

4.39

1.24

6

Humility

79

4.39

0.85

7

Sense of esthetics

78

4.33

0.77

8

Creativity

77

4.28

0.75

9

Flexibility

77

4.28

0.89

10

Resilience

74

4.11

0.83

11

Sense of humor

69

3.83

1.10

Source: developed by the authors.

In response to a suggestion from the expert panel, we considered it relevant to remove
the trait “honesty”, as it is very similar to “ethics” and “loyalty/commitment” (ethics
obtained a total score of 85, whereas loyalty /commitment and honesty obtained 80 points
each).
We understand that the result obtained in the expert panel was positive, since all
the traits were above the average value, despite the novelty of the proposition; moreover,
positive comments were also obtained. It is worth highlighting, also positively, that the
new traits provided by this investigation (i.e., sense of esthetics and sense of humor) were
classified as “brave” and, nonetheless, obtained scores above the average value, although
obviously slightly below those traits that we could consider to be “traditional”. It is
important to take into account that people need a period of adaptation to change, as is
the case with accepting “sense of esthetics” and “sense of humor” as relevant traits for a
leader (biomimetic). Bridges [127] specified that a process of change from the personal
perspective implies going through three states: (1) the end of a period (releasing known
things, “letting go of” ideas, belongings, etc.); (2) a transition zone, a necessary bridge (the
valid reference so far disappears, the focus is lost and anxiety appears); (3) the beginning
of a new stage, first steps in a different reality that is not well-defined as yet.
This capacity to accept change (preferably shortening the adaptation phase) is especially valuable in this period, in which the planet faces a climatic emergency; even large
consultancy companies such as Mackinsey and Company (of great professional prestige,
and clearly anthropocentric), in their report of January 2020, signed by Woetzel et al. [128],
offer organizations new methodologies designed to help in the process of change, focusing on risk assessment in fields such as habitability, job opportunities, food systems,
architectural risks, infrastructure and ecosystems.
6. Discussion and Conclusions
The aim of this study was to characterize the biomimetic leader, by reviewing the literature on leadership and gathering contributions from other disciplines like biomimicry and
transactional analysis. The result of our investigation is a theoretical construct, “biomimetic
leadership”, which is characterized by ten traits. Since such characterization is new, it was
subjected to a panel of experts, who validated the main propositions of our study and
helped to refine its content. Following the suggestion of the experts, one of the traits was
removed or rather included within another trait. Specifically, the trait “honesty” disap-
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peared due to its similarity with the trait “ethics”. The coexistence of these two similar
traits could have resulted in methodological and content difficulties.
When describing ethical leadership, we mentioned the reported benefits linked to
this leadership style: pro-social behaviors [38]; psychological well-being and employees’
job satisfaction [39,40]; the creation of an ethical and familiar work climate that favors
the participation of the workers [41]; organizational commitment, emotional commitment,
normative commitment, organizational citizenship behavior, work performance, work
commitment and organizational identification [42]; and a decrease in immoral behaviors in
subordinates [43].
Similarly, some of the traits of the biomimetic leader are inspired by or extracted
from behaviors associated with the styles of servant leadership (honesty, commitment,
humility) and authentic leadership (transparency, loyalty, humility, honesty, etc.). When
analyzing these leadership styles, we pointed out that some studies have shown the
organizational effects of such leadership styles. Thus, the practice of servant leadership is
positively associated with organizational commitment [48,49] and with the civic behavior
of the followers [50,51]. Likewise, authentic leadership has been empirically related to the
generation of trust, optimism, resilience and moral strength [31], and to a greater social
identification with the group and the organizational principles [32]. We can expect the
benefits associated with these leadership types to be present in organizations that promote
biomimetic leadership.
Moreover, biomimetic leadership must be strongly linked to the sustainable development of the organizations that promote it. The concept of sustainable development
refers to “one that meets the needs of the present without compromising the ability of
future generations to meet their own needs” [129] (p. 23). The practical way in which
companies have incorporated the concept of sustainability into their management systems
is through the triple bottom line (TBL); this consists of extending traditional accountability,
which shows the global net profitability, to a “triple result” account that includes the
economic, social and environmental aspects of the organization [130,131]. Elkington [130]
addressed the TBL with the aim of expanding the environmental agenda and integrating
the economic and social aspects. Thus, profits, people and the planet are included, to
measure the performance and success of an organization in a more consistent and coherent
manner [132]. Consistency and coherence are inherent to the concept of sustainability
proposed by Elkington, since the TBL is explicitly based on the integration of the three
lines or dimensions, emphasizing all of them equally. However, balance is required, since
the three pillars represent a necessary, although insufficient, condition for sustainable
development [133]. Therefore, although the TBL perspective implies balancing the aspects
of ecological, social and economic sustainability under the assumption that each of the
three lines must be visible and healthy [134], the simultaneous integration of economic,
social and environmental goals into a sustainable management strategy poses a managerial
challenge to companies. We understand that those companies with biomimetic leaders
will be better prepared to carry out strategic management that coherently coordinates
and integrates the three dimensions of sustainability: economic, social and environmental.
According to our characterization of biomimetic leaders, these leaders act from a holistic
viewpoint, with the aim of attending to the needs of all the groups involved and integrating
all perspectives.
Obviously, this work is not without limitations. From our point of view, one of the
main attractive elements of this study, its radical novelty, can be considered as a limitation,
since it is a new leadership model, and thus there are no theoretical scientific studies or
business praxis to back our proposition. Therefore, it will be necessary for leaders of
organizations to be previously and personally educated about the importance of being
in favor of nature, without jeopardizing the corporate results. In this sense, it may be
useful to present the biomimetic leadership model to leaders, in order to allow them to
compare their current reality with the ideal profile, and then plan their journey toward
strengthening their profile according to the new model of biomimetic leadership.
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This investigation produced a seminal work in the field of leadership and organizational theory. Therefore, there is still much to do for the development of compact and
thorough knowledge about biomimicry as applied to leadership. Future research lines
derived from this study may include the development of a measurement scale that allows
validating the characteristics of the biomimetic leader and empirically demonstrating the
benefits of this leadership style for the organization.
Author Contributions: Conceptualization, E.O. and R.M.-S.; investigation, E.O.; writing—original
draft preparation, E.O.; writing—review and editing, R.M.-S. and M.E.H.; supervision, R.M.-S. and
M.E.H. All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki.
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Not applicable.
Conflicts of Interest: The authors declare no conflict of interest.

Appendix A. Profiles of the Experts

•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•

•
•

Marketing and Sales Director in a group of consulting services;
Regional Director in an IT company/Dean of the Faculty of Economics, private university;
Director of Innovation in a city council with more than 200,000 inhabitants;
Dean of the Faculty of Economics, private university;
Head of Reputation and Sustainability in a multinational energy company;
Vice President and General Counsel in international health organization;
Managing Director in a specialized consultancy firm focused on the work environment,
commitment and culture;
Director of Human Resources in an international health company in the optical sector
and National President of a professional organization;
Editor of an international journal of science;
Director of Human Resources in a national energy company, member of the Board
of Directors in two Professional Associations, and member of the Labor Court of an
Autonomous Community;
Professor of Ethics at a private university;
Head of Human Resources and Corporate Social Responsibility in the most awarded
SME in Spain in the tourism sector;
Regional Director of a large national foundation (awarded best manager of the year in
Spain);
Executive President of a group of companies focused on professional services and
business solutions;
Director of Strategy and Corporate Social Responsibility at the Catalan Regional
Institute of Health;
Director of Organizational Development at a consulting firm in Israel with activities in various countries/Professor of Organizational Development at an American
university;
Director of Business Development in a large bank/a professor specializing in securities
at a private university;
Consultant in people management strategy and founding partner of the fourth sector/People and Talent Director in a national service company.

Biomimetics 2021, 6, 47

20 of 23

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Niklas, K.J.; Walker, I.D. The challenges of inferring organic function from structure and its emulation in biomechanics and
biomimetics. Biomimetics 2021, 6, 21. [CrossRef] [PubMed]
Benyus, J.M. Biomimicry: Innovation Inspired by Nature, 1st ed.; HarperCollins: New York, NY, USA, 1997.
Pauli, G. The Blue Economy 10 Years, 100 Innovations, 100 Million Jobs; Paradigm Publications: Taos, NM, USA, 2010.
Bhushan, B. Biomimetics: Lessons from nature—An overview. Philos. Trans. R. Soc. A Math. Phys. Eng. Sci. 2009, 367, 1445–1486.
[CrossRef]
Vincent, J.F.V. Biomimetics—A review. Proc. Inst. Mech. Eng. Part H J. Eng. Med. 2009, 223, 919–939. [CrossRef]
Kennedy, E.; Fecheyr-Lippens, D.; Hsiung, B.-K.; Niewiarowski, P.H.; Kolodziej, M. Biomimicry: A Path to Sustainable Innovation.
Des. Issues 2015, 31, 66–73. [CrossRef]
Iida, F.; Ijspeert, A.J. Biologically inspired robotics. In Springer Handbook of Robotics; Siciliano, B., Khatib, O., Eds.; Springer: Berlin,
Germany, 2016; pp. 2015–2034.
Campo, A.; Gutiérrez, Á.; Nouyan, S.; Pinciroli, C.; Longchamp, V.; Garnier, S.; Dorigo, M. Artificial pheromone for path selection
by a foraging swarm of robots. Biol. Cybern. 2010, 103, 339–352. [CrossRef] [PubMed]
Wooten, M.; Walker, I. Vine-Inspired Continuum Tendril Robots and Circumnutations. Robotics 2018, 7, 58. [CrossRef]
Martín-Gómez, C.; Zuazua-Ros, A.; Bermejo-Busto, J.; Baquero, E.; Miranda, R.; Sanz, C. Potential strategies offered by animals to
implement in buildings’ energy performance: Theory and practice. Front. Archit. Res. 2019, 8, 17–31. [CrossRef]
Daniel, D. Management information crisis. Harv. Bus. Rev. 1961, 39, 111–121.
Sarikaya, M. An introduction to biomimetics: A structural viewpoint. Microsc. Res. Tech. 1994, 27, 360–375. [CrossRef]
Alexandridis, G.; Tzetzis, D.; Kyratsis, P. Biomimicry in Product Design through Materials Selection and Computer Aided
Engineering. IOP Conf. Ser. Mater. Sci. Eng. 2016, 161, 1–9. [CrossRef]
Celep, S.; Tunç, A.Ö.; Düren, A.Z. Can Biomimicry and Managerial Concepts Come Together? Glob. Bus. Manag. Res. An Int. J.
2017, 9, 31–46.
Olaizola, E.; Morales-Sánchez, R.; Eguiguren Huerta, M. Biomimetic Organisations: A Management Model that Learns from
Nature. Sustainability 2020, 12, 2329. [CrossRef]
Pérez Matos, N.E.; Setién Quesada, E. La interdisciplinariedad y la transdisciplinariedad en las ciencias: Una mirada a la teoría
bibliológico-informativa. ACIMED 2008, 18. Available online: http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1024-9435
2008001000003&lng=es&tlng=es (accessed on 15 November 2020).
Rahwan, I.; Cebrian, M.; Obradovich, N.; Bongard, J.; Bonnefon, J.F.; Breazeal, C.; Crandall, J.W.; Christakis, N.A.; Couzin, I.D.;
Jackson, M.O.; et al. Machine behaviour. Nature 2019, 568, 477–486. [CrossRef]
Jarke, M.; Bui, X.; Carroll, J. Scenario Management: An Interdisciplinary Approach. Requir. Eng. 1998, 3, 155–173. [CrossRef]
Dietz, R.D. The estimation of neighborhood effects in the social sciences: An interdisciplinary approach. Soc. Sci. Res. 2002, 31,
539–575. [CrossRef]
Antonucci, T.C.; Birditt, K.S.; Akiyama, H. Convoys of social relations: An interdisciplinary approach. In Handbook of theories of
aging; Bengston, V.L., Gans, D., Pulney, N.M., Silverstein, M., Eds.; Springer Publishing Company: New York, NY, USA, 2009; pp.
247–260.
Hiwasaki, L.; Arico, S. Integrating the social sciences into ecohydrology: Facilitating an interdisciplinary approach to solve issues
surrounding water, environment and people. Ecohydrol. Hydrobiol. 2007, 7, 3–9. [CrossRef]
Denscombe, M. The Good Research Guide: For Small-Scale Social Research Projects, 2nd ed.; Open University Press: Maidenhead, PA,
USA, 2003.
Copeland, M.K. The Impact of Authentic, Ethical, Transformational Leadership on Leader Effectiveness How has open access to
Fisher Digital Publications benefited you? J. Leadersh. Acc. Ethics 2016, 13, 79–97.
Avolio, B.J.; Yammarino, F.J. Transformational and Charismatic Leaderships: The Road Ahead; Emerald Group Publishing Limited:
Bingley, UK, 2013.
Bass, B.M. Leadership and Performance Beyond Expectations; Free Press: New York, NY, USA, 1985.
Avolio, B.J.; Locke, E.E. Contrasting different philosophies of leader motivation. Leadersh. Q. 2002, 13, 169–191. [CrossRef]
Kirkpatick, S.; Locke, E.A. Leadership: Do traits matter? J. Bus. 2013, 114, 565–582. [CrossRef]
Van Dierendonck, D.; Patterson, K. Compassionate Love as a Cornerstone of Servant Leadership: An Integration of Previous
Theorizing and Research. J. Bus. Ethics 2015, 128, 119–131. [CrossRef]
Bass, B.M.; Steidlmeier, P. Authentic Transformational Leadership Behavior. Leadersh. Q. 1999, 10, 181–217. [CrossRef]
Walumbwa, F.O.; Avolio, B.J.; Gardner, W.L.; Wernsing, T.S.; Peterson, S.J. Authentic leadership: Development and validation of a
theory-based measure. J. Manag. 2008, 34, 89–126. [CrossRef]
Avolio, B.J.; Gardner, W.L. Authentic leadership development: Getting to the root of positive forms of leadership. Leadersh. Q.
2005, 16, 315–338. [CrossRef]
Ilies, R.; Morgeson, F.P.; Nahrgang, J.D. Authentic leadership and eudaemonic well-being: Understanding leader-follower
outcomes. Leadersh. Q. 2005, 16, 373–394. [CrossRef]
Moriano, J.A.; Molero, F.; Lévy-Mangin, J.P. Liderazgo auténtico. Concepto y validación del cuestionario ALQ en España.
Psicothema 2011, 23, 336–341.

Biomimetics 2021, 6, 47

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.
68.

21 of 23

Shamir, B.; Eilam, G. What’s your story? A life-stories approach to authentic leadership development. Leadersh. Q. 2005, 16,
395–417. [CrossRef]
Melé, D. Management Ethics: Placing Ethics at the Core of Good Management; Palgrave Macmillan: London, UK, 2012.
Brown, M.E.; Treviño, L.K.; Harrison, D.A. Ethical leadership: A social learning perspective for construct development and
testing. Organ. Behav. Hum. Decis. Process. 2005, 97, 117–134. [CrossRef]
Marsh, C. Business Executives’ Perceptions of Ethical Leadership and Its Development. J. Bus. Ethics 2013, 114, 565–582.
[CrossRef]
Kacmar, K.M.; Andrews, M.C.; Harris, K.J.; Tepper, B.J. Ethical Leadership and Subordinate Outcomes: The Mediating Role of
Organizational Politics and the Moderating Role of Political Skill. J. Bus. Ethics 2013, 115, 33–44. [CrossRef]
Eubanks, D.L.; Brown, A.D.; Ybema, S. Leadership, Identity, and Ethics. J. Bus. Ethics 2012, 107, 1–3. [CrossRef]
Avey, J.B.; Wernsing, T.S.; Palanski, M.E. Exploring the Process of Ethical Leadership: The Mediating Role of Employee Voice and
Psychological Ownership. J. Bus. Ethics 2012, 107, 21–34. [CrossRef]
Engelbrecht, A.S.; Heine, G.; Mahembe, B. Integrity, ethical leadership, trust and work engagement. Leadersh. Organ. Dev. J. 2017,
38, 368–379. [CrossRef]
Bedi, A.; Alpaslan, C.M.; Green, S. A Meta-analytic Review of Ethical Leadership Outcomesand Moderators. Bus. Ethics 2015, 139,
517–536. [CrossRef]
Kopelman, R.E.; Prottas, D.J.; Davis, A.L. Douglas McGregor’s Theory X and Y: Toward a construct-valid measure. J. Manag.
Issues 2008, 20, 255–271.
Greenleaf, R.K. The Servant as Leader; Greenleaf Center: Indianapolis, IN, USA, 1970.
Van Dierendonck, D. Servant Leadership: A Review and Synthesis. J. Manag. 2010, 37, 1228–1261. [CrossRef]
Melé, D. Integrating Personalism into Virtue-Based Business Ethics: The Personalist and the Common Good Principles. J. Bus.
Ethics 2009, 88, 227–244. [CrossRef]
Liden, R.C.; Wayne, S.J.; Zhao, H.; Henderson, D. Servant leadership: Development of a multidimensional measure and
multi-level assessment. Leadersh. Q. 2008, 19, 161–177. [CrossRef]
Cerit, Y. The effects of servant leadership on teachers’ organizational commitment in primary schools in Turkey. Int. J. Leadersh.
Educ. 2010, 13, 301–317. [CrossRef]
Lapointe, É.; Vandenberghe, C. Examination of the Relationships Between Servant Leadership, Organizational Commitment, and
Voice and Antisocial Behaviors. J. Bus. Ethics 2018, 148, 99–115. [CrossRef]
Chiniara, M.; Bentein, K. Linking servant leadership to individual performance: Differentiating the mediating role of autonomy,
competence and relatedness need satisfaction. Leadersh. Q. 2016, 27, 124–141. [CrossRef]
Walumba, F.O.; Hartnell, C.A.; Oke, A. Servant leadership, procedural justice climate, service climate, employee attitudes, and
organizational citizenship behavior: A cross-level investigation. J. Appl. Psychol. 2010, 95, 517–529. [CrossRef]
Ling, Q.; Liv, F.; Wu, X. Servant Versus Authentic Leadership: Assessing Effectiveness in China’s Hospitality Industry. Cornell
Hosp. Q. 2016, 58, 53–68. [CrossRef]
Clopton, A.W. Social capital and team performance. Team Perform. Manag. 2011, 17, 369–381. [CrossRef]
Barbuto, J.E.; Wheeler, D.W. Scale development and construct clarification of servant leadership. Group Organ. Manag. 2006, 31,
300–326. [CrossRef]
Ehrhart, M.G. Leadership and procedural justice climate as antecedents of unit-level organizational citizenship behavior. Pers.
Psychol. 2007, 57, 61–94. [CrossRef]
Gerard, L.; McMillan, J.; D’Annunzio-Green, N. Conceptualising sustainable leadership. Ind. Commer. Train. 2017, 49, 116–126.
[CrossRef]
Kantabutra, S.; Saratun, M. Sustainable leadership: Honeybee practices at Thailand’s oldest university. Int. J. Educ. Manag. 2013,
27, 356–376. [CrossRef]
Kantabutra, S.; Avery, G. Sustainable leadership: Honeybee practices at a leading Asian industrial conglomerate. Asia-Pac. J. Bus.
Adm. 2013, 5, 36–56. [CrossRef]
Avery, G.C.; Bergsteiner, H. Sustainable leadership practices for enhancing business resilience and performance. Strateg. Leadersh.
2011, 39, 5–15. [CrossRef]
Casserley, T.; Megginson, D. Learning from Burnout: Developing Sustainable Leaders and Avoiding Career Derailment; ButterworthHeinemann: Oxford, UK, 2008.
Sternberg, R.J.; Kaufman, J.C.; Pretz, J.E. A propulsion model of creative leadership. Leadersh. Q. 2003, 14, 455–473. [CrossRef]
Palus, C.J.; Horth, D.M. Leading Creatively: The Art of Making. J. Aesthetic Educ. 1996, 30, 53–68. [CrossRef]
Basadur, M. Leading others to think innovatively together: Creative leadership. Leadersh. Q. 2004, 15, 103–121. [CrossRef]
DiLiello, T.C.; Houghton, J.D. Maximizing organizational leadership capacity for the future: Toward a model of self-leadership,
innovation and creativity. J. Manag. Psychol. 2006, 21, 319–337. [CrossRef]
DeMatthews, D. Principal and Teacher Collaboration: An Exploration of Distributed Leadership in Professional Learning
Communities. Int. J. Educ. Leadersh. Manag. 2014, 2, 176–206.
Longo, F. Liderazgo Distribuido, un elemento crítico para promover la innovación. Cap. Hum. 2008, 226, 84–91.
Fry, L.W. Toward a theory of spiritual leadership. Leadersh. Q. 2003, 14, 693–727. [CrossRef]
Reave, L. Spiritual values and practices related to leadership effectiveness. Leadersh. Q. 2005, 16, 655–687. [CrossRef]

Biomimetics 2021, 6, 47

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.
103.
104.
105.

22 of 23

Morales-Sánchez, R.; Cabello-Medina, C. Integrating character in management: Virtues, character strengths, and competencies.
Bus. Ethics 2015, 24, S156–S174. [CrossRef]
Sharma, R. Leadership Wisdom from The Monk Who Sold His Ferrari: The 8 Rituals of Visionary Leaders; HarperCollins: Toronto, ON,
Canada, 1998.
Blanch, J.; Gil, F.; Antino, M.; Rodríguez-muñoz, A. Modelos de liderazgo positivo: Marco teórico y líneas de investigación.
Papeles Ética Econ. Dir. 2016, 37, 170–176.
Benefiel, M. The second half of the journey: Spiritual leadership for organizational transformation. Leadersh. Q. 2005, 16, 723–747.
[CrossRef]
Best, K.C. Holistic Leadership: A Model for Leader-Member Engagement and Development. J. Values-Based Leadersh. 2011, 4,
1–19.
Korhonen, T.; Lavonen, J.; Kukkonen, M.; Sormunen, K.; Juuti, K. The Innovative School as an Environment for the Design of
Educational Innovations. Finnish Innov. Technol. Sch. 2014, 10, 99–113.
Niemi, H. Desarrollo profesional docente en Finlandia: Hacia un enfoque más holístico. Psychol. Soc. Educ. 2015, 7, 387–404.
[CrossRef]
Ditkoff, M. Innovation—Take eight steps to start and sustain growth. Exec. Excell. 2008, 25, 7.
González-Romá, V. La innovación en los equipos de trabajo. Papeles Ética Econ. Dir. 2008, 29, 32–40.
Bornay-Barrachina, M. ¿Qué hace a los equipos ser más innovadores? El liderazgo desde una perspectiva de multidominio. Cuad.
Econ. Dir. Empres. 2013, 16, 41–53. [CrossRef]
Hutchins, G.; Storm, L. Regenerative Leadership; Wordzworth: Wells, UK, 2019.
Mangrich, C.P.; Pavan, L.H.; Gomes, F.; Oliveira, L.; Kos, J.; Martina, J.E. Campus regenerative design supported by university
Wi-Fi connections. Int. J. Archit. Comput. 2019, 17, 206–219. [CrossRef]
Brown, M.E.; Treviño, L.K. Ethical leadership: A review and future directions. Leadersh. Q. 2006, 17, 595–616. [CrossRef]
Xu, A.J.; Loi, R.; Ngo, H. Ethical Leadership Behavior and Employee Justice Perceptions: The Mediating Role of Trust in
Organization. J. Bus. Ethics 2016, 134, 493–504. [CrossRef]
Ling, Q.; Lin, M.; Wu, X. The trickle-down effect of servant leadership on frontline employee service behaviors and performance:
A multilevel study of Chinese hotels. Tour. Manag. 2016, 52, 341–368. [CrossRef]
Casserley, T.; Critchley, B. A new paradigm of leadership development. Ind. Commer. Train. 2010, 42, 287–295. [CrossRef]
Spillane, J.P.; Halverson, R.; Diamond, J.B. Towards a theory of leadership practice: A distributed perspective. J. Curric. Stud.
2004, 36, 3–34. [CrossRef]
Ripper Kos, J.; Filartiga Gebara, M.; Pompêo, C.A.; Henrique Pavan, L. Proyecto regenerativo del campus: Aprendiendo a través
de las dinámicas de la naturaleza y la universidad. Arquit. Sur 2017, 35, 30–41. [CrossRef]
Leroy, H.; Palanski, M.E.; Simons, T. Authentic Leadership and Behavioral Integrity as Drivers of Follower Commitment and
Performance. J. Bus. Ethics 2012, 255–264. [CrossRef]
Sabbaghi, O.; Gerald, G.F.; Hipskind, S.J. Service-Learning and Leadership: Evidence from Teaching Financial Literacy. J. Bus.
Ethics 2013, 118, 127–137. [CrossRef]
Avolio, B.J.; Bass, B.M.; Jung, D.I. Re-examining the components of transformational and transactional leadership using the
Multifactor Leadership Questionnaire. J. Occup. Organ. Psychol. 1999, 74, 441–462. [CrossRef]
Hunter, E.M.; Neubert, M.J.; Perry, S.J.; Witt, L.A.; Penney, L.M.; Weinberger, E. Servant leaders inspire servant followers:
Antecedents and outcomes for employees and the organization. Leadersh. Q. 2013, 24, 316–331. [CrossRef]
Reeves, M.; Levin, S. Building a Resilient Business Inspired by Biology. Available online: https://blogs.scientificamerican.com/
guest-blog/building-a-resilient-business-inspired-by-biology/ (accessed on 15 November 2020).
Strati, A. Organization and Aesthetics; SAGE Publications Limited: London, UK, 1999.
Budd, M. The Aesthetic Appreciation of Nature: Essays on the Aesthetics of Nature; Clarendon Press: Oxford, UK, 2003.
Reale, G. Eros, demonio mediador. El juego de las máscaras en El Banquete de Platón; Herder Editorial: Barcelona, Spain, 2004.
Jauss, H.R. Kleine Apologie der Ästhetischen Erfahrung: Mit Kunstgeschichtlichen Bemerkungen von Max Imdahl; Universitätsverlag:
Göttingen, Germany, 1972.
Cingari, S. Croce e la post-modernità. Boll. Filos. 2013, 28, 73–81.
Cassirer, E. Language and Myth; Dover Publications: New York, NY, USA, 1953.
Pugh, K.J.; Girod, M. Science, art, and experience: Constructing a science pedagogy from Dewey’s aesthetics. J. Sci. Teach. Educ.
2007, 18, 9–27. [CrossRef]
Larrambebere Oroz, A. Arte y vida de Ortega y Gasset. Anu. Filosófico 1987, 20, 173–180.
Alvarez, J.L.; Merchán, C. The Role of Narrative Fiction in the Development of Imagination for Action. Int. Stud. Manag. Organ.
1992, 22, 27–45. [CrossRef]
Duke, D.L. The Aesthetics of Leadership. Educ. Adm. Q. 1986, 22, 7–27. [CrossRef]
Dewey, J. Art as Experience; Library of Capricorn Books: New York, NY, USA, 1958.
Tafalla, M. Por una estética de la naturaleza: La belleza natural como argumento ecologista. Isegoría 2005, 30, 215–226. [CrossRef]
Aranda, O.S. El Lenguaje Secreto de la Naturaleza; Penguin Random House Grupo Editorial: Barcelona, Spain, 2019.
Carbelo, B.; Jáuregui, E. Emociones positivas: Humor positivo. Papeles del Psicólogo 2006, 27, 18–30.

Biomimetics 2021, 6, 47

23 of 23

106. Jáuregui Narváez, E.; Fernández Solís, J.D. Risa y aprendizaje: El papel del humor en la labor docente. Rev. Electron. Interuniv.
Form. Profr. 2009, 23, 203–215.
107. Garanto Alós, J. Psicología del Humor; Herder Editorial: Barcelona, Spain, 1983.
108. Vázquez, S. La Felicidad en el Trabajo y en la Vida; LID Editorial Empresarial: Madrid, Spain, 2016.
109. Martin, R.A. La Psicología del Humor. Un Enfoque Integrador; Orión Ediciones: Madrid, Spain, 2008.
110. Betés de Toro, M. El humor como actitud ante la vida. HASER, Rev. Int. Filos. Apl. 2011, 2, 67–93.
111. Labarca Reverol, C. Sentido del humor en el adulto mayor. Telos Rev. Estud. Interdiscip. Ciencias Soc. 2012, 14, 400–414.
112. Fernandez Solís, J.D.; García Cerrada, J. El Valor Pedagógico del Humor en la Educación Social; Desclée De Brouwer: Paris,
France, 2010.
113. Yam, K.C.; Christian, M.S.; Wu, W.; Liao, Z.; Nai, J. The Mixed Blessing of Leader Sense of Humor: Examining Costs and Benefits.
Acad. Manag. J. 2018, 61, 348–369. [CrossRef]
114. Beard, A. Leading with humor. Harv. Bus. Rev. 2014, 92, 130–131.
115. Mann, S. The Upside of Downtime; Little, Brown, Book Group: London, UK, 2017.
116. Panksepp, J. Beyond a Joke: From Animal Laughter to Human Joy? Science 2005, 308, 62–63. [CrossRef]
117. Aladro Vico, E. El humor como medio cognitivo. CIC Cuad. Inf. Comun. 2002, 7, 317–327.
118. Hollman, V.C. Comics and the education of an environmental gaze. Soc. Nat. 2012, 24, 227–241. [CrossRef]
119. Steiner, C.M. El Análisis Transaccional en la era de la información. Rev. Psicoter. 1998, 9, 29–44. [CrossRef]
120. Steiner, C. Educación Emocional; Editorial Jeder: Sevilla, Spain, 2016.
121. Casado Esquius, L. El Análisis Transaccional Ante los Nuevos Retos Sociales: Adaptación a un Mundo en Cambio; Editorial CCS: Madrid,
Spain, 2016.
122. Harris, T.A. I’m OK—You’re OK; Arrow Books: London, UK, 1995.
123. Mayer, J.D.; Salovey, P.; Caruso, D.R. Mayer-Salovey-Caruso Emotional Intelligence Test: Personal summary report. MHS
Multi-Health Syst. Inc. 2007, 1–14. Available online: https://humancapitaltalent.co.za/wp-content/uploads/2018/11/MSCEITPersonal-Summary-Report.pdf (accessed on 2 April 2021).
124. Goñi Palacios, E.; Fernández Zabala, A. Un Instrumento De Medida, En Fase Experimental, Del Autoconcepto Personal. Int. J.
Dev. Educ. Psychol. 2006, 1, 293–305.
125. Farlex The Free Dictionary. Available online: https://www.thefreedictionary.com/perception (accessed on 15 December 2020).
126. Harari, Y.N. Homo Deus: A Brief. History of Tomorrow; Prabhat Prakashan: Delhi, India, 2016.
127. Bridges, W. Managing Transitions: Making the Most of Change; Da Capo Press: Boston, MA, USA, 2009.
128. Woetzel, J.; Pinner, D.; Samandari, H.; Engel, H.; Krishnan, M.; Boland, B.; Powis, C. Climate Risk and Response: Physical
Hazards and Socioeconomic Impacts. Available online: https://www.mckinsey.com/business-functions/sustainability/ourinsights/climate-risk-and-response-physical-hazards-and-socioeconomic-impacts?cid=other-soc-twi-mip-mck-oth---&sid=
3039591599&linkId=80742600 (accessed on 18 January 2020).
129. The World Commission on Environment and Development Brundtlan Report. Technical Report of the World Commission on
Environment and Development: Our Common Future; 1987. Available online: https://sustainabledevelopment.un.org/content/
documents/5987our-common-future.pdf (accessed on 3 November 2019).
130. Elkington, J. Accounting for the Triple Bottom Line. Meas. Bus. Excell. 1998, 2, 18–22. [CrossRef]
131. Garriga, E.; Melé, D. Corporate Social Responsibility Theories: Mapping the Territory. J. Bus. Ethics 2004, 53, 51–71. [CrossRef]
132. Epstein, M.J.; Buhovac, A.R. Making Sustainability Work: Best Practices in Managing and Measuring Corporate Social, Environmental
and Economic Impacts; Routledge: New York, NY, USA, 2017.
133. Bansal, P. Evolving sustainably: A longitudinal study of corporate sustainable development. Strateg. Manag. J. 2005, 26, 197–218.
[CrossRef]
134. Bocken, N.M.P.; Short, S.W.; Rana, P.; Evans, S. A literature and practice review to develop sustainable business model archetypes.
J. Clean. Prod. 2014, 65, 42–56. [CrossRef]

